A new version of the Ramberg-Bäcklund reaction and its applications in organic synthesis. by Li, Yü. & Chinese University of Hong Kong Graduate School. Division of Chemistry.
0 
A NEW VERSION OF 
THE R A M B E R G - B A C K L U N D R E A C T I O N 
AND ITS APPLICATIONS IN ORGANIC SYNTHESIS 
By 
Y u L I 
( 李 宇 ） 
A thesis submitted to the Chemistry Division, 
Graduate School，the Chinese University of Hong Kong 
in partial fulfilment of the requirements 
for the degree of 
Doctor of Philosophy 
(1993) 
Thesis Committee: 
Dr.Henry N. C. Wong (Chairperson) 丨 I ? 
Dr.Tze-Lock Chan 
Dr.Tony K. M. Shing 
Dr.Peter J. Garratt (External Examiner) 
Dr. Wing-Hong Chan (Additional External Examiner) 
I J : -
邊 丨 s 
(5.P 
L S 
[ - ( 0 4 on \m ] | 
^ U N I V E R S I T Y 
To My Family 
ACKNOWLEDGEMENTS 
The author wishes to express his deepest gratitude to his 
supervisor, Dr. Tze-Lock Chan, for his invaluable guidance and 
stimulating teaching, and for his continuous enthusiasm and 
encouragement throughout the course of this investigation and the 
preparation of this thesis. 
He is indebted to Dr. Henry N. C. Wong and Dr. Tony K. M. 
Shing for their helpful guidance in the group seminar. 
Warm thanks are also given to Dr. Tim-On Man and Mr. Sun 
Fong for their assistance in this reaserch. 
He also wants to thank Messrs. Yiu-Hung Law, Kwok-Wai Kwong 
and Yu-Xin Cui for their assistance in measurement of all the mass 
spectra and some of the H^ NMR spectra. 
Partial financial support from UPGC in the form of an 
Earmarked Grant is gratefully acknowledged. 
May, 1993 
Y u L I ( 李 宇 ） 
Department of Chemistry 







List of Schemes i i i 
l ist of Tables and Figures v 
List of Spectra vi 
sitrac^ t • • 鲁 — — 嫵 會 蜃 奪 染 • 會 嘛 • • 傘 • • 嘛 • • 藝 番 德 書 — — • 垂 德 • 瘇 蠢 _ • • 為 曆 t t f • 中 嘗 啬 今 奩 i 曾 售 會 資 看 憊 _ 倉 霣 饞 會 • • 貪 嘗 肅 • 櫸 • • 書 • • 働 " 會 • 慕 秦 惠 农 塞 
I . Introduction i 1 
1.1. The Conventional Ramberg-Bacldund Reaction 2 
1.2. Hie Meyers' Modification of the Ramberg-Backlund Reaction 10 
I I . The Evolution of a New Version of the Ramberg-Backlund 
Reaction: The Development of the Reagent KOH/AI2O3-
/-BuOH-CBr2F2 20 
in.Synthetic Applications of the New Version of the Ramberg-
Backlund Reaction 31 
III.l. The Formation of Alkenes from a,a'-Hydrogen-containing 
Sulfones by Treatment with K0H/Al203-r-Bu0H-CBr2F2 31 
IIL2. Synthesis of (±)-Muscone from [12]Metacyclophane 44 
III.3. A Non-pyrolytic Route to Corannuiaie 49 
IV.Conclusio n 61 
V . Experimental 62 
VI.Reference s 97 
^f I SjpGctrs • • 啡 • 畚 畚 • • 峰 • 暑 • 攀 難 勢 • 者 • • 赛 着 峰 • • 暑 _ • • 鲁 鲁 1 
ii 
LIST OF SCHEMES 
Page 
Scheme 1 Mechanism of the Ramberg-B^klimcl Reaction 3 
Scheme 2. Formation of Surface-bound KOBu^ in KOH-r-BuOH. 14 
Scheme 3. a-Chlorination of Sulfones via a Caged "Radical/Anion-
Radical Pair" in the Meym' Reaction...... 14 
Scheme 4. Possible Product Formations under the Conditions of the 
Meyers' Modification of the Ramberg-Bacldiind Reaction 16 
Scheme 5. Reaction Pathways Leading to the Formation of Product 
Mixture in the Meyers，Reaction of Benzyl Ethyl Sulfone 18 
Scheme 6. Synthetic Route to [m, m]Cyclophanes and [n]Cyclophanes 
According to H 21 
Scheme 7. 1,3-Elimiiiation and ^ imerization of /n^5a-Di(a-methyl-
benzyl) Sulfone on Treatment with KOH/AI2O3+BUOH-
39 
Scheme 8. Reactions of Cinnamyl Benzyl Sulfone (62) with KOH/ 
Al203-r-Bu0H-CBr2F2. 43 
Scheme 9. Retrosynthetic Analysis of Muscone (66) 44 
Scheme 10. Synthesis of Cyclopentadecane-1,3-ciione (67) from 1,3-
Bis(mercaptomethyl)benzene and 1,10-Dibromodecane. 45 
Scheme 11. 13-Bis(mercaptomethyl)benzene as a Pentane-2,4-<iione-
l^-diani(m Equivalent 46 
Scheme 12. Synthesis of (士)-Muscone (66) from Cydopentadecane-
l,3-dione(67) 47 
Scheme 13. Conversion of Fluoranthene Derivatives into Coraimulene 
by Flash Vacuum Pyrolysis 50 
Scheme 14. Retrosynthetic Analysis of Corannulene (72) 51 
Scheme 15. Synthetic Sequence for 2,7-Dimethylnaphthalene 52 
Scheme 16. Conversion of 2,7-Dimethylnaphthalene (82) into 
3,8-Dimethylacenaphthenone (80) via l-(2-Hydroxy-
ethyl)-2,7-dimethyliiaphthalene (87) 53 
iii 
Scheme 17. Conversion of 2,7-Dimethylnaphthalene (82) into 
3,8-Dimethylacenaphthenone (80) via 1-Cyanomethyl-
^^，^^ ^ iunctii^ l^nSt^ l^xtlifll^ i^^ ^ •••**•••••••••••••••«•»•••••«•«••••••••••*•••»«••••••••••••_•••••••••«•••"••••�54* 
Scheme 18. Synthesis of 1,6,7,10-Tetramethylfluoranthene (78)from 
3，8-Dimethylacettaphthenone (80) 55 
Scheme 19. Synthesis of l，3，6，8-Tetrahydrofluorantheno[l,10~a/e: 6，7-
c 1bisthiepin-2;2,7,7-tetroxicie (76) from 1,6,7,10-
Tetramethylfluoranthene (78). 57 
iv 
LIST OF TABLES AND FIGURES 
Tables 
Page 
Table 1. Representative Yields of the Sequence 2 — 3 — 4 in Scheme 6 21 
Table 2. Yield Improvement by Inclusion of Cyclohexene in the 
Meyers' Reaction of 5 — 6 — 23 
Table 3. The Conversion of a,a'-Hydrogen-containing Sulfones into 
Alkenes by Treatment with K0H/Al203-r-Bu0H-CBr2F2 32 
Figures 
Figure 1. An Experiment Showing the Occurrence of the Reaction 
(PhCH2)2S02 + KOH + r-BuOH + CCI4 — tram-
PhCH==CHHi on the Surface of the Powdered KOH 13 
Figure 2. Concentration Diminution of an Equimolar Mixture of 
PhCHClS02Ph and PhCHsSO�?^! upon Treatment 
v^itii — 27 
Figure 3. The NMR Splitting Patterns of Olefinic Protons in 
[12]Metacyclophane-l,l 1-diene (8) 41 
V 
LIST OF SPECTRA 
Page 
Spectra 1. H^ and ^ c^ NMR Spectra of trans-3,3\5,y-
Tetramethylstilbene (11) 106 
Spectra 2. H^ and ^^ C NMR Spectra of rmAw-1-Methyl-1,2-
Diphenylethene (13) 107 
Spectra 3. H^ and ^^ C NMR Spectra of cis-1 ；2 - D i m e t h y l -
1,2-diphenylethene (15a) 108 
Spectra 4. H^ and ^^ C NMR Spectra of rraw5-l,2-Dimethyl-
1^-diphenylethene (15b) 109 
Spectrum 5. H^ NMR Spectrum of Phenanthrene (17) 110 
Spectra 6. H^ and ^^ C NMR Spectra of trans,transA,3-
Distyrylbenzene (19) 111 
Spectra 7. H^ and ^^ C NMR Spectra of trans^ranS'\,A-
Distyrylbenzene (21) 112 
Spectra 8. H^ and ^^ C NMR Spectra of trans,trans^ram-
1,3^-Tristyrylbeiizene (23) 113 
Spectra 9. H^ and ^^ C NMR Spectra of trans^ans^rans-
l,3,5-Tri(4'-methoxy-styryl)benzene (25) 114 
Spectra 10. H^ and ^^ C NMR Spectra of trans,trans,trans^rans-
1,2,4^-Tristyrylbenzene (27) 115 
Spectra 11. H^ and ^^ C NMR Spectra of rra/w-l-Phenyl-1-hexene (29) 116 
Spectra 12. H^ and ^^ C NMR Spectra of rra/z5-l,3-Diphienylpropene (31) 117 
Spectra 13. H^ NMR Spectra of [12]Metacyclophane-l,l 1-
diene (8a) and (8b) 118 
Spectra 14. H^ and ^^ C NMR Spectra of [12]Metacyclophane (9) 119 
Spectrum 15. H^ NMR Spectra of cis，d5-[8]Metacyclophane-1,7-diene (33) 120 
vi 
Spectra 16. H^ and ^^ C NMR Spectra of [8]Metacyclophane 121 
Spectra 17. H^ and ^ c^ NMR Spectra of 2'-methoxy-[12]metacyclophane 122 
Spectra 18. H^ and ^ c^ NMR Spectra of 2-Methyl-l-phenylpropene (37) 123 
Spectra 19. H^ and ^^ C NMR Spectra of 8-Heptadecene (39) 124 
Spectra 20. H^ and ^ c^ NMR Spectra of 8-Hexadecene (42) 125 
Spectra 21. H^ and ^^ C NMR Spectra of 5-Decene (45) 126 
Spectra 22. H^ and ^^ C NMR Spectra of 2=Methyl=3=nonciecene (48) 127 
Spectra 23. H^ and ^^ C NMR Spectra of l-Phenyl-2-octene (51) 128 
Spectra 24. H^ and ^^ C NMR Spectra of 2-Bromo-l-phenyl-2-octene (52) 129 
Spectrum 25. H^ NMR Spectrum of Cycloocta=l,5-diene (54) 130 
Spectra 26. H^ and ^^ C NMR Spectra of 3,4-Dimethyl-3-hexene (56) 131 
Spectra 27. H^ and ^^ C NMR Spectra of Bicyclopentylidene (58) 132 
Spectra 28. H^ and ^^ C NMR Spectra of Heptylcyclohexylidene (60) 133 
Spectra 29. H^ and ^^ C NMR Spectra of l,3-Bis(mercaptomethyl)benzene 134 
Spectra 30. H^ and ^^ C NMR Spectra of 2,13-Dithia-
[14]metacyclophane (68) 135 
Spectra 31. H^ and ^^ C NMR Spectra of 2，13‘Dithia-2;2，13，13=tetroxo-
[14]metacyclophane (7) 136 
Spectra 32. H^ and ^^ C NMR Spectra of Bicyclo[ 12,3,1]= 
octadeca-14,17-diene (69) 137 
Spectra 33. H^ and ^^ C NMR Spectra of Cyclopentadecane-l,3-<iione (67) 138 
Spectra 34. ^H and ^^ C NMR Spectra of 3-Methoxycyclo-
pentadeca-2-enone (70) 139 
Spectra 35. H^ and ^^ C NMR Spectra of 3-Methylcyclo-
pentadeca-2-enone (71) 140 
Spectra 36. H^ and ^^ C NMR Spectra of (J/)-Muscone (66) 141 
vii 
Spectra 37. H^ and ^^ C NMR Spectra of 3-Oxobutyraldehycie 
Dimethyl Acetal (83) 142 
Spectrum 38. H^ NMR Spectrum of 3-Hydroxy-3-methyl-4-
(3-methylphenyl)butyraldehyde Dimethyl Acetal (85) 143 
Spectra 39. H^ and ^^ C NMR Spectra of 2,7-Dimethylnaphthalene (82) 144 
Spectra 40. H^ and ^^ C NMR Spectra of l-Bromo-2,7-
dimethylnaphthalene (86) 145 
Spectra 41. H^ and ^^ C NMR Spectra of l-(2'-Hydroxyethyl)-
2,7-dimethylnaphthalene (87) 146 
Spectra 42. H^ and ^^ C NMR Spectra of (2,7-Dimethyl-l-
naphthyl)acetaldehyde (88) 147 
Spectra 43. H^ and ^^ C NMR Spectra of l-ailoromethyl-2,7-
dimethylnaphthalene (89) 148 
Spectra 44. H^ and ^^ C NMR Spectra of (2,7-Dimethyl-l-
naphthyl)acetonitrile (90) 149 
Spectra 45. H^ and ^^ C NMR Spectra of (2,7-Dimethyl-l-
naphthyl)acetic Acid (81) 150 
Spectra 46. H^ and ^^ C NMR Spectra of 2,7-Dimethylacenaphthenone (80) 151 
Spectra 47. H^ and ^^ C NMR Spectra of 3,8-Dimethyl-
acenaphthenequinone (79) 152 
Spectra 48. H^ and ^^ C NMR Spectra of trans-Hydroxy ketone 91a 
and d5-Hydroxy ketone 91b 153 
Spectra 49. H^ and ^^ C NMR Spectra of 1,6,7,10-
Tetramethylfluoranthene (78) 154 
Spectra 50. H^ and ^^ C NMR Spectra of 1,6,7,10-Tetra-
(bromomethyl)fluoranthene (75) 155 
Spectra 51. H^ NMR and MS spectra of 1,3,6,8-Tetrahydro-
fluorantheno[l,10-cJ^: 6,7-c't/'^1bisthiepm (77) 156 
viii 
Spectrum 52. MS spectrum of l,3,6,8-Tetrahydrofluorantheno[l,10-c^/^: 
6,7-c ,d，e 1bisthiepin-2;Z,7,7-tetraoxide (76) 157 
Spectra 53. H^ NMR and MS Spectra of Corannulene (72) 158 
ix 
ABSTRACT 
A better “one-flask，，version of the Ramberg-Backlund reaction 
has been realized by adjusting the previously used reagent KOH-r-
BUOH-CQ4 in the Meyers' modification into alumina-supported KOH-
f-BuOH-CBr�？�. Treatment of a,a'-hydrogen-containing sulfones with 
the latter new reagent leads to the formation of alkenes in good yields 
irrespective of the structural types of the substrates. In the context of 
olefin synthesis, the scope of the present procedure is much wider than 
that of the Meyers' modification which is largely restricted to the 
formation of stilbene-type compounds. Particularly noteworthy 
features of the newly uncovered variant of the Ramberg-Backlund 
reaction are the complete elimination of concomitant dihalocarbene 
formation and the suppression over-halogenation of the starting sulfones 
prior to 1,3-elimination in the overall a-halogenation and in situ 
Ramberg-Backlund reaction sequence. 
The synthetic utility of the “one-flask，’ Ramberg-Backlund 
reaction revised by us is further demonstrated in the key role it plays in 
a new synthesis of (±)-muscone using [12]metacyclophane as a building-




In the ever-expanding repertoire of the synthetic organic chemist, the Ramberg-
Backlund reactionHO continues to occupy a prominent position among various 
X 
X 二 CI, Br, I 
methods for the construction of the carbon-carbon double bond. This status is 
attributable to, in no small measure, the relative ease with which the requisite a-
halosulfones4，ii，i2 can be assembled, the operational simplicity in the execution of the 
Ramberg-Backlund reaction itself, and the regiospecificity of the newly introduced 
olefinic bond, even though its synthetic usefulness is somewhat marred by a lack of 
significant stereocontrol. Indeed, in those situations where stereoisomeric products are 
not possible, such as in the formation of sym-1,1 -disubstituted alkenes and four-, five-
or six-membered cycloalkenes, the Ramberg-Bacldund reaction becomes a particularly 
attractive synthetic tool with which a wide variety of alkenes have been prepared. 
Since its discovery half a century ago，i several new variants of the Ramberg-
Backlund reaction have e m e r g e d， 1 3 - 2 3 of which the Meyers' modification is a 
major step forward. In previous works24-26 our laboratory on the synthesis of 
various laige-sized cyclophanes employing the three-step sequence dithiacyclophane 一 
dithiacyclophane bissulfone 一 cyclophanediene — cyclophane, the Meyers' procedure 
was used extensively as the key step for sulfur dioxide extrusion. Although the results 
were generally satisfactory, low yields of cyclophanedienes were occasionally 
encountered owing to dichloro-cyclopropanation side reactions arising from the 
concomitant release of dichlorocarbene as well as over-chlorination of the starting 
sulfones in the Meyers' modification 13-15 of the Ramberg-Backlund reaction. The 
inherent shortcomings of the Meyers' method in dichlorocarbene interference as well as 
t 
1 
in its inability to produce 1,2-disubstituted alkenes prompted a long search in our 
laboratory for a better version of the Ramberg-Backlund reaction. The present 
investigation constitutes a part of these continuing efforts. 
In order to put these developments into perspective and to provide a framework 
of reference for discussions to be presented in this Thesis, both the conventional 
Ramberg-Backlund reaction and its Meyers' variant are briefly r^iewfed in this section. 
1.1. The Conventional Ramberg-Backlund Reaction 
Ramberg and Backlund reported in 1940 a new reaction 工 in which treatment of 
a-bromoethyl ethyl sulfone with excess aqueous potassium hydroxide led to the 
Br 
丄 A aq. KOH,90-100^C � ^ 
/ ^ S O , - ^ 85% “ ] + 仰 r + K2SO3 
formation of 2-butene. a-Chloroethyl ethyl sulfone was found to react in the same 
manner, albeit appreciably more slowly. The absence of the formation of direct 
substitution product as well as the largely (Z)-stereoselectivity as inferred by the 
observed formation of predominantly 6?/-2，3-dibromobutane from the bromination of 
the resultant 2-butene, were the two surprising features of this reaction. As the result 
of the extensive mechanistic studies by Bordwell^ ^ '^^  and by Paquette3，4 in the late 
1960s and early 1970s, it is now generally agreed that the conversion of a-halo 
sulfones into alkenes under basic conditions proceeds through the intermediacy of 
thiirane 1,1-dioxides as outlined in Scheme 1. A recent systematic survey has 
revealed that the stereochemical outcome of these Ramberg-Backlund reactions is 
highly dependent on both the base and the solvent used, while the temperature is of 
relatively little importance.28-32 As noted in the original Ramberg-Backlund reaction, 
aqueous hydroxide favors the (Z)-alkenes. However, very high (£:)-stereoselectivity 
can be attained in certain cases employing potassium r-butoxide in dimethyl sulfoxide. 
• 
2 
Halogen substituents at the a-position of sulfones are noted for their resistance 
to intermolecular nucleophilic displacement owing to a combination of steric effects and 
the large negative field exerted by the oxygen atoms of the sulfonyl group^^. 
However, through deprotonation of the a'-carbon, a built-in nucleophile is available for 
internal displacement of halide. Thus as outlined in Scheme 1，the overall 
transformation of an a-halo sulfone into an alkene is consisted of three mechanistic 
steps. The first is a rapid reversible formation of both the a- and a'-carbanion of 
which only the latter can lead to the second step of intramolecular halide displacement 
XY A 
. c t , e 
X = Cl, Br, I Z 
s l o w s l o w 
V � Y 
fast fast 
R2 
Scheme 1 Mechanism of the Ramberg-Backlund Reaction 
to give a thiirane 1,1-dioxide, usually as a mixture of cis and trans isomers. Kinetic 
data coupled with the fact that thiirane IJ-dioxides have eluded isolation in Ramberg-
Backlund reaction conditions allow the conclusion that formation of these thiirane 
dioxides is rate-determining. The final sulfur dioxide extrusion may proceed either by a 
concerted thermal pathway or a base-catalyzed process. Both pathways are 
3 
stereospecific, trans - or cis- thiirane 1,1-dioxides giving (£)- or (Z)-alkenes, 
respectively. Thus, under the conditions in which the base employed is insufficiently 
strong to deprotonate the thiirane dioxide intermediates, the stereochemical outcome of 
the alkene products is controlled by the diastereomeric composition of the thiirane 
dioxides. However, if one or both of the groups R^ and r 2 is strongly electron-
withdrawing, or if a powerful base is used, reversible deprotonation and thence 
equilibration of the diastereoisomeric thiirane dioxides can take place. The sterically 
less cumbersome rm/is-thiirane 1,1-dioxides would prevail, resulting in the formation 
of a larger proportion of (^^-alkenes. The higher (£)-stereoselectivity under such 
circumstances would then be a consequence of thermodynamic control rath^ than a 
reflection of the diastereomeric ratio of the thiirane 1,1-dioxides originally formed. 
The precise pathways by which thiirane 1,1-dioxides are transformed 
stereospecifically into alkenes of corresponding geometries are blurred.3，34，35 顶 � f a c t 
that these three-membered cyclic sulfones elude isolation in typical Ramberg-Backlund 
reactions but that, if prepared independently^^, they are decomposed readily to alkenes 
in a stereospecific manner under basic conditions, point to the predominance of a base-
catalyzed mechanism over a thermal process. 
An intriguing aspect of the classical Ramberg-Backlund reaction of acyclic a-
halo sulfones using hydroxide bases is the consistently high (Z)-stereoselectively in the 
resultant alkenes. For example, treatment of A-chloroethyl ethyl sulfone with 2M 
NaOH gave 75% yield of a mixture containing 78.8% (Z)- and 21.2% (£)-2-butene.37 
Since independent decomposition of CW-2,3-dimethylthiirane 1,1-dioxide with 2M 
NaOD in D2O yielded exclusively (Z)-2-butene with less than 5% deuterium 
incorporation,3738 it is dear that the stereoselectivity in the Ramberg-Backlund reaction 
SOz H H 
„ / \ 2M NaOD V = / 




reflects the composition of cis- and rra/w-2,3-(iimethylthiirane l，l-dioxides. The 
puzzling question is then: why is the d^-dimethylthiirane dioxide formed preferentially? 
A likely transition state leading to it is depicted as follows: 
To resolve the dilemma that the above transition state is preferred to the alternative one 
in which the methyl groups are on opposite side, one may look into the balance 
between the repulsive force (Fr) and the attractive force (F^) arising from the methyl-
methyl interaction. The estimation by Pitzer and Catalano^^ for methyl-methyl 
interaction in the skew form of n-butane, where the distance between methyl group 
centres was set at 2.95 人， r e v e a l e d that of 2.5 kcal/mol slightly exceeded F^ of 
about 2.0 kcal/mol. Given that F^ and Fr vary as the reciprocal of the sixth power and 
twelfth power of distance, respectively, it is easy to calculate that at a methyl-
methyl distance of 3.06人 and FA is maximally greater than F r at a distance of 3.74入. 
Whether the latter value is a realistic one for the methyl-methyl distance at the critical 
point during formation of the transition state leading to the cw-dimethyl thiirane 1,1-
dioxide, thus rendering it a more favorable transition state, is yet to be settled^^ 
When the alkyl groups in a-halo sulfones become larger, (Z)-stereoselectively 
diminishes as shown in the reaction of a-chloropropyl ethyl sulfone with 2M K O H , 
which gave 2-pentene in the (Z) to (E) ratio of 71.3 to 28.7.37 xhe (Z) to (E) ratio is 
further dwindled to 57 to 43 in the 3-hexene mixture formed by treatment of a-
chloropropyl propyl sulfone with the same concentration of KOH. 37 The increasing 
repulsive forces between the larger alkyl groups in these cases perhaps close the gap 
between the activation energies for both the transition states leading to cis- and trans-
2,3-ciialkylthiirane 1,1-dioxides, resulting in a less degree of stereoselectivity. 
5 
The most useful feature of the Ramberg-Backlimd reaction is its inherent 
regiospecifidty and, in this respect, its synthetic utility matches those of other methods 
of olefination such as Wittig, Julia-Lythgoe, Peterson and McMurray reactions. The 
position of the resultant olefinic double bond in the Ramberg-B^klund reaction leaves 
no ambiguity as it is fixed by the position of the sulfone functionality in the a-halo 
precursor and migration is not known to occur under the reaction conditions.^ ^ 
20% aq.NaOH, 
CH2CI2 
� 丄 Aliquat-336,100�C, L J ^ 
^ - ^ ^ " ^ S O f ^ C l 40 h，86% ^ ^ � 
Because of a lack of high stereocontrol in the formation of acyclic alkenes, the 
Ramberg-Backlund olefination reaction is most useful for the synthesis of strained 
cycloalkenes. The success of such reactions stems from the fact that they are not 
cyclizations but are rather eliminative ring contractions of less strained saturated rings. 
Despite earlier discouraging results,the Ramberg-Backlund reaction has been put into 
good use for the synthesis of cyclobutenes since the early 1970s, notably by Paquette 
and Weinges. For examples, propellene containing a fused cyclobutene moiety can be 
O CI 
/ A 
K Q B U ^ T H F ^ 
J -78。TOO。C，27% 
prepared by using a Ramberg-Backlund ring contraction taeties.42-44 a remarkable 
accomplishment is the synthesis of Dewar paracyclophanes'^ ^ by employing double 
Ramberg-Backlund reactions upon which two cyclobutene rings are introduced. The 
6 
KOBu,，THF ( ^ 
^ 
c i ^ s d ^ s Q , ^ ^ ^ 
n=4 -15�C，24h，1% 
n=5 r.t, 18h, then reflux 2h, 12% 
application of the Ramberg-Backlund reaction in unnatural product synthesis is further 
highlighted by the preparation of the interesting tetracyclic hydrocarbon 
pterodactylladiene, again through the use of a double-barrel ring-contraction 
C1 Rerodactyladiene 
strategy."^ Although the yield in such transformation are generally low, the above-
mentioned syntheses serve to illustrate the value of the Ramberg-Backlund reaction 
because these target molecules are approachable only by other considerably more 
laborious routes. 
In contrast to the low yields encountered in the formation of cyclobutenes from 
five-membered cyclic a-halo sulfones, six-membered cyclic a-halo sulfones are 
converted into cyclopentenes in high yields by the Ramberg-Backlund reaction. A 
variety o f 2 - s i i b s t i t u t e d - 3 - c y c l o p e n t e n o n e s 4 7 ， 4 8 ， 3 - s u b s t i t u t e d - 3 - c y c l o p e n t e n o n e s 4 8 ， 4 9 
and 2，3-disubstituted-3- cyclopentenones^^ have been prepared in this manner. These 
substituted cyclopentenones are valuable starting materials for natural product 
synthesis. 
The Ramberg-Backlund reaction has seldom been applied for the construction 
of the cyclohexene ring, unless the target molecule is strained so that its synthesis is 
7 
V � R 
1. KOBu�CCI4, r-BuQH^ 
J 2. PPTS, acetone, H 2 O ~ _ \ / ^ 
40-60% 
r \ o 
1. NaH, KH, DMSO 
I 2. PPTS, acetone, ！！:。^ \ / 
J ^ C H 3 5 0 % 
SO2 Ts CH3 
O Z I 
丄 2. PPTS，acetone, \ / 
more conveniently approached by ring contraction strategy. A case in point is the 
synthesis of M7is'-bicyclo[4,l ,0]hept-3-ene which was accomplished elegantly by 
Gassman employing the Ramberg-Backlund reaction as the key step.^ ^ The 7-methyl^^ 
and 7,7-dimethyl derivatives^^ were prepared in a similar fashion. 
O C - K O B ^ r ^ 
% X Et20，0oc， > 
CI 
In the arena of natural product synthesis, the Ramberg-Backlund reaction has 
also been found to be valuable for the construction of medium-ring systems. Two 
recent examples are noteworthy. The synthesis of the cyclodecenediyne ring system 
found in calicheamicins has bemreported.54^55 in addition, a highly stereoselective 
8 
CI _ H 
/ ^ ^ ^ ^ " ^ O S i B i l P f e 
O2S 
1.2 equiv. Et20, -78^C 
MeLi 20% 
1 r 
^ ^ ^ O S i B i i P l ^ 
^ ^ ^ ^ ^ X ^ O S i B i i P h ^ 
H 
synthesis of (+)-eremantholide evoked a Ramberg-Backlund ring contraction as a key 
step.56 
I ^ DME^70�C \\ C L / 




1丄 The Meyers' Modification of the Ramberg-Backlund Reaction 
The most significant modification of the Ramberg-Backlund reaction is without 
doubt，the result of the work of Meyers' and coworkers^ This modification stemmed 
from the discovery in 1969 by Meyers' group that a suspension of finely pulverized 
potassium hydroxide in a mixture of carbon tetrachloride and r-butanol constitutes a 
powerful chlorinating reagent for a number of organic compounds having acidic 
methylene groups.^ ^ In the case of sulfones possessing only a-hydrogens, chlorination 
Powdered KOH 華 
卜 B u O H ， C C I 4 , 
^ ^ 100% CI 
P h S O i C H i P h Powdered KOH • PhSOzCClzPh 
^ 2 r-BuOH, CCI4, L L 
100% 
or polychlorination occurs with great ease. More interestingly, however, is the 
observation that the a-chlorosulfones which are initially formed from sulfones 
containing both a- and a'-hydrogens cannot survive the basic reaction conditions and 
proceed further in the path of the Ramberg-Backlund reaction giving olefins or other 
polychlorinated sulfone-derived compounds as final products. Thus, a “one-flask” 
procedure became available whereby an a: and a，-hydrogen containing sulfone may be 
converted directly into an alkene by treatment with the reagent mixture powdered KOH-
r-BuOH-CCl4, without recourse to the prior preparation of an a-halogenated sulfone by 
a separate step. This variant of the Ramberg-Backlund reaction is known as the 
Meyers' modification 13-15 ^nd has found considerable applicability in olefin synthesis, 
primarily for stilbene-type systems from dibenzylic sulfones. For example, treatment 
… … … P o w d e r e d KOH ^ ^ ^ .Ph 
PhCH^SO.CH.Ph , _ B UOH ,CCI / P h ^ ^ " ^ 
80^C, 100% 
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of dibenzyl sulfone with the Meyers，reagent gives a quantitative yield of trans-
stilbene.l3 Acenaphthylene is obtainable in relatively good yield directly from 1,8-
naphthalenedimethylene sulfone.^ ^ The Meyers' reaction has also been found to be 
广 1 — 
Powdered KOH^ 
( ) ( ) Ca4, r-BuOH ( ) ( ) 
reasonably effective for the generation of [2,n]paracyclophane-(n+7)-enes.^ ^ Tlie 
^^i：^ r-BuOK, CC14 
v j j ~ n = 5 - 1 0 i L ^ 
18-52% 
乂 ( C H 2 ) / 乂 ( C H 2 ) / 
interesting (Z为-and (£'^-tetrabenzo[a,c^,/lcyclododecenes^^ have been synthesized 
by taking advantage of the Meyers' modification of tiie Ramberg-Backlund reaction. 
O L 力 O L J O 
^ y ^ ^ ^ S O ^ ' y ^ ^ Y Powdered KOH^ 
� “ CCL, r-BuOH 
11 
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A discussion on the mechanism of the Meyers' modification of the Ramberg-
Backlund reaction should begin with the mention that commercial potassium hydroxide 
pellets, finely pulverized in a mortar and pestle, suspended in r-butanol, constitutes the 
optimum base-solvent system for these reactions. 14 Solvents other than r-butanol and 
bases other than potassium hydroxide were examined but were found to exhibit little if 
any of the reactivity associated with the KOH-r-BuOH concoction in effecting the a-
chlorination of sulfones or other activated methylene units in the presence of carbon 
tetrachloride. A large body of data pointed to the conclusion that the reaction of 
substrates with KOH-r-BuOH-CCl^ likely took place almost exclusively on or in close 
vicinity of the surface of powdered potassium hydroxide. 14 Commercial potassium 
hydroxide pellets are hydrated in the mole ratio of KOH : H2O of 9 : 5 and have 
extremely little if any solubility in r-butanol even under refluxing temperature. In an 
experiment conducted for dibenzyl sulfone, a solution of the sulfone in r-butanol and 
carbon tetrachloride was allowed to come to contact with powdered potassium 
hydroxide through a partially submerged porous (Soxhlet-type) thimble (Figure 1). 
After stirring at 25°C for a few minutes, the thimble was removed. From the solution 
was isolated rr^^-stilbene in nearly 70% yield. The contents in the thimble, upon 
acidification with nitric acid and subsequent gravimetric analysis, accounted for 80-
90% of the total amount of the potassium chloride generated. These observations were 
consistent with the view that deprotonation of the substrate and the ensuing reaction of 
the resultant substrate carbanion take place on or in close proximity of the surface of 
the potassium hydroxide powder. Since potassium hydroxide itself is insufficiently 
basic to deprotonate the a-hydrogens on ordinary sulfones and r-butanol is an essential 
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Figure 1. An Experiment Showing the Occurrence of the Reaction 
(PhCH2)2S02 + KOH + r-BuOH + CCI4 —加似-PhCH=CHPh 
on the Surface of the Powdered KOH. 
likely surface-bound potassium r-butoxide whose rate of diffusion into the solution is 
much slower than its reaction with surface-bound water to re-form potassium 
hydroxide and r-butanol (Scheme 2). 
As for the mechanism of the a-chlorination of sulfones under the conditions of 
the Meyers' reaction, numerous experiments carried o u t b y M e y e r s ' g r o u p 14，15»59~61 
Itsl 一 59 認 HO^B" 
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i k 
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Scheme 2. Formation of Surface-bound KOBu^ in KOH-r-BuOH 
13 
support the involvement of a caged "radical/anion-radical pair" (RARP) intermediate as 
outlined in Scheme 3. In the proposed mechanism, a-deprotonation of the 
substrate first occurs on potassium hydroxide presumably by the surface-bound 
potassium r-butoxide whose formation has been described above. In early studies,^ ^ it 
H H H 
R b ^ J ^ R j KOH，f-BuOH ‘ R i ® L r 3 
H H 
+ CCI4 ——• R ^ -； ^ J ^ R 3 ( c c L ) ' 
• . 
Caged, intimate radical/ 
C j j j anion-radical pairs 
— I 认 S ( V ^ i � + :cci3- : c c i . 
Scheme 3. a-Chlorination of Sulfones via a Caged "Radical/Anion-Radical 
Pair” in the Meyers' Reaction 
was first suggested that the resultant a-sulfonyl carbanion underwent nucleophile attack 
on a chlorine atom of carbon tetrachloride to achieve chlorination thereby displacing a 
trichlorocarbanion. However, later investigation 14 ruled out this possibility on ground 
that this type of chlorination displayed certain characteristics attributable to the 
involvement of free radical species. Based on various reactivity correlations and 
stereochemical considerations, it appeared reasonable that the a-sulfonyl carbanion 
above transfers an electron to carbon tetrachloride leading to the formation of a caged, 
intimate radical/anion-radical pair (RARP, Scheme 3). Because sulfones possessing 
chiral a-carbon atoms are chlorinated with retention of configuration, chlorination must 
take place by chlorine transfer from carbon tetrachloride anion radical to the a-sulfonyl 
radical within the cage in which the stereochemical integrity of the last-mentioned is 
presumably maintained. The by-product of this process is trichlorocarbanion from 
14 
which dichlorocarbene is released. Indeed, the concomitant formation of 
dichlorocarbene, as readily demonstrated by trapping experiments, constitutes a unique 
feature of the Meyers' modification of the Ramberg-Backlund reaction. 
Once the a-chlorosulfone is formed in the course of the Meyers' reaction, two 
further reaction pathways become available to it. First, the a-chlorosulfone may 
proceed with the normal Ramberg-Backlund reaction to give an olefinic product via the 
intermediacy of a thiirane 1,1-dioxide. If sufficiently nucleophilic, these olefins are 
subject to the assault by the dichlorocarbene which is concomitantly formed yielding 
g^/w-dichlorocyclopropanes. Alternatively, the a-chlorosulfone, in the face of a 
powerful chlorinating agent KOH+BuOH-CCl 4，may suffer further chlorination 
affording an a, a-dichlorosulfone which then follows the normal course of the 
Ramberg-Backlund reaction to give vinyl chloride, potassium alkenesulfonate, or 
alkyne as products. These reaction pathways are summarized in Scheme 4. 
RCH2S02CH2R' 
CCI4, KOH r-BuOH 
)r 
RCH2SO2CHCIR' 
+ :cc i2 + c r 
_ R C H 2 S O 2 C H C I 2 R ' 
sof 
-SO2 R ^R R . . R 
RCB=CHR SO^ 
丨:C C I 2 -SO2/ \ -SO2 
I \ V 
R � ’ H ^ SO3K RCB=CCIR 
RC=CR >=====\ 
入 R , R 
CI CI 
Scheme 4. Possible Product Formations under the Conditions of the 
Meyers' Modification of the Ramberg-B^klund Reaction 
15 
All of the possible products listed in Scheme 4 have been observed in the 
Meyers，reaction, their distribution being dependent largely on the structure of the 
starting sulfone. Dibenzyl sulfones, as mentioned earlier, give almost exclusively 
s t i l b e n e s . 13，14 This behavior is attributable to the exceptional acidity of their a- and 
a，-protons.62~64 Therefore, in the presence of KOH-r-BuOH the concentration of the 
a'-carbanion of a-chlorobenzyl benzyl sulfone is considerable even though that of the 
a-chlorocarbanion is somewhat higher. Furthermore, nucleophilic displacement 
reactions 
ArCH2S02CH2Ar KQH,r-BuQH^ / ^ ^ ^ A i * 
2 2 1 CCI4 Ar V 
ofbenzylic halides are facile. The net result in this system is that 1,3-elimination (k^ _ 
B) proceeds faster than g^/w-a-dichlorination (k^jj^j. ) and leads to the formation of 
rm«Ls-stilbenes. Unquestionably, both trans- and d5-diarylthiirane 1,1-dioxides are 
initially formed intermediates but, as discussed above in the mechanism of the 
conventional Ramberg-Backlund reaction，rapid base-promoted epimerization of these 
two isomeric intermediates, coupled with fact that the tnm-intermediates undergo 
decomposition faster than the cw-interaiediates, give rise to the nearly exclusive 
formation of rm/w-stilbenes. 
In contrast to the facile formation of /ra/w-stilbenes from dibenzyl sulfones, di-
primary alkyl sulfones are stereospecifically converted into dj-dialkylethylenesulfonic 
acid saltsl4，l5，6l when treated with the Meyers' reagent. The four a-methylene protons 
of this type of sulfone are considerable less acidic than those of dibenzyl sulfones. 
H SO^K 
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For di-primary alkyl sulfones，therefore, 皿 d gew-a-dichlorination 
predominates. Further reaction along the path of the conventional Ramberg-Backlund 
reaction steers the a, a-dichlorosulfone into an a-chlorothiirane 1,1-dioxide 
intermediate (Scheme 4) which undergoes in situ dechlorination faster than sulfur 
dioxide extrusion, and the resulting thiirene 1,1-dioxide under these conditions is 
convCTted into a cw-dialkylethylenesulfonic acid faster than it extrudes sulfur dioxide to 
form an acetylene.60，6i This dj-stereochemistry of the dialkylethylenesulfonate salt 
PhCH2S02CH2CH3 
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Scheme 5. Reaction Pathways Leading to the Formation of 
Product Mixture in the Meyers' Reaction of 
Benzyl Ethyl Sulfone, 
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stems from the fixed stereochemistry of the thiirene 1,1-dioxide intermediate.65 
A sulfone which contains both the benzylic and primary alkyl moieties is benzyl 
ethyl sulfone. This particular structural combination gives rise to interesting results in 
its reaction with the Meyers' reagent, Chlorination a to phenyl undoubtedly is favored; 
subsequent 1,3-eliniination, though favorable for benzylic halides, is handicapped by 
the low acidity of the a'-hydrogen so gem- a-dichlorination becomes competitive. In 
addition, the extrusion of sulfur dioxide from the chlorothiirane 1,1-dioxide in this case 
competes favorably with dehydrogenation to thiirene dioxide because resonance-
stabilized 0-methylstyrenes are formed from this extrusion reaction. The mixture of 
products formed in benzyl ethyl sulfonei4 (Scheme 5) manifests these competitive 
reactions. 
The reaction of di-secondary alkyl sulfones with the Meyers' reagent differs 
from those of other classes of sulfone in that the major product is usually the 
dichlorocarbene adduct of the expected alkene. A striking example of this behavior is 
the predominant formation of the gem -dichlorocyclopropanation product of 
bicyclohexylidene from dicyclohexyl sulfone. ^ ^ The g^/w-dichlorocyclopropane adduct 
formation is obviously the consequence of the assault of the alkene by the co-formed 
dichlorocarbene. This particular outcome has been ascribable to the large 
nucleophilicity of the tetraalkylethylenes. 
CI CI 
o ^ + o o 
65 ： 35 
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Thus，from the foregoing discussion, it can be seen that the outcome of the 
Meyers’ modification of the Ramberg-Backlund reaction depends highly on the 
structure of the sulfone substrate. It is clei* then in the context of alkene formation, the 
Meyers' reaction is primarily limited to stilbene synthesis. • 
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II. THE EVOLUTION OF A NEW VERSION OF THE 
RAMBERG-BACKLUND REACTION： THE DEVELOPMENT OF THE 
REAGENT KOH/AI2O3小BUOH-CBRZF� 
It has been a long-standing interest in our laboratory to design a general and 
inexpensive synthetic route to large-sized [n]-，[m, n]-，and [m][n]cyclophanes varying 
in bridge length as well as in the manner the aromatic rings being linked, with a view to 
convert them into useful intermediates for natural product synthesis. At the outset of 
this program dating back to the early 1980s, only a handful of large-sized cyclophanes 
were known and they were prepared by malonic ester synthesis,^^ intramolecular 
acyloin condensation^^ and other classical reactions.^^ Cyclocoupling of dihaloarenes 
with the bis-Grignard reagents from a,co-dibromoalkane by the Kumada reaction 69 and 
pyrolytic extrusion of sulfur dioxide from dithiacyclophane bissulfones^^ as methods 
for constructing cyclophanes were relatively new on the scene. Because of the inability 
of these methodologies to produce gram quantities of cyclophanes, we undertook the 
exploration of the three-step sequence dithiacyclophane — dithiacyclophane bissulfone 
—cyclophanediene — cyclophane as a practical route to sizable amounts of large-sized 
cyclophane, relying on the Meyers’ modification of the Ramberg-Backlund reaction as 
a means for sulfur dioxide extrusion. Adopting this general strategy, Li^ ^ was able to 
synthesize a number of [m, mjcyclophanes and [n]cyclophanes in gram quantities 
according to Scheme 6. This scheme did provide, in individual single runs, 
appreciable amounts of various larged-sized [m, m]cyclophanes and [n]cyclophanes 
(some of which were previously available only in milligram quantities) because the 
dithiacyclophanes (1) could be easily prepared in tens of grams. However, the yields 
of the cyclophanes (4) were generally bottlenecked at the stage of the Meyers reaction 
^ ^ ^ ^ S H B R ~ ~ 
+ X EtOH-benzene, X 
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Scheme 6. Synthetic Route to [m, m]Cyclophanes and [nJCyclophanes 
According to 11.24 
on dithiacyclophane bissulfones (2) (Table 1). Nevertheless, the feasibility of the 
simple reaction sequence outlined in Scheme 6 was firmly established and what 
Table 1. Representative Yields of the Sequence 2 — 3 — 4 in Scheme 6.24 
T T T “ yield (%) 
Cyclophane 4 morn for two steps* 
0 p 丨 i 
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* The yields for the hydrogenation of 3 to 4 were generally >90%. 
remained to be done was to execute the sulfur dioxide extrusion in a more efficient 
manner. This desire led to subsequent efforts to search for a new version of the 
Ramberg-Backlund reaction, of which the present investigation constitutes a part. 
f^一 
The low yields observed in the sulfur dioxide extrusion from dithiacyclophane 
bissulfones 2 by the Meyers' procedure was first thought to be attributable to the gem-
dichlorocyclopropanation problem. Therefore, at the early stage, attempts to mitigate 
this side reaction were focused on the use of a carbene trap25 in these Meyers' 
reactions. Indeed, the inclusion of a dichlorocarbene scavenger, typically cyclohexene, 
to these reactions led to the formation of appreciable amounts of 7,7-
dichlorobicyclo[4.2.0]heptane but surprisingly, the yields of the cyclophanedienes 3 




Table 1 In view that the amounts of 7,7-dichlorobicyclo[4.2.0]heptaiie isolated far 
Table 2. Yield Improvement by Inclusion of Cyclohexene 
in the Meyers，Reaction of 5 — 6. 
yield (%) 
[nJCyclophanediene* n witput with 
cyclohexene cyclohexene 
H 
8 41 50 
O ( 7 “ 
/ 12 42 55 
H H 
r S 
x?：：^  \ 12 20 28 
{ ^ J (CH2) “ 
/ 14 21 30 
H 
* Identified as the corresponding [n]cyclophane after hydrogenation. 
exceeded the yield improvements on the cyclophanedienes 6，it was clear that 
interference by dichlorocarbene was not the primary cause of low yield in these 
Meyers' reactions of what are essentially benzyl primary alkyl sulfones. a,a-
Dichlorination and subsequent reactions of the a,a-dichlorobenzyl sulfone moieties 
therefore appeared to be more significant side reactions. 
Nevertheless, the issue of dichlorocarbene formation in the Meyers' reaction 
still needed to be addressed, particularly in the formation of tetra-substituted alkenes 
where the problem of ge/n-dichlorocyclopropanation was most serious. Although the 
addition of a carbene trap to the reaction mixture provides a ready solution to this 
23 
X v X 
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problem, the need to separate the trapped dichlorocarbene adduct creats an additional 
step in the product separation procedure. We therefore turned our attention to the 
selection of a more docile perhalogenated methane as the source of halogen for the in 
situ formation of a-halo sulfone. The study of dihalocarbene formation from 
trihalocarbanions had been extensively documented^and we were particularly 
attracted by the difference in mechanism between the formation of difluorocarbene and 
F � F 1卖 
I 6- I 5 -
HO + H ~ C — B r ——HO-H--C--Br 
F L F 
^ :CF2 + H2O + Br 
those of other dihalocarbenes. It has long been recognized that the formation of 
difluorocarbene from bromodifluoromethane is facile and proceeds via a concerted 
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mechanism by-passing the intermediacy from bromodifluorocarbanion.乃 Interesting 
results were reported by Franzen72，74 on the reaction of "-butyllithium and 
dibromodifluoromethane which was conducted in a flow system in order to determine 
the lifetime of the various intermediates involved. Upon quenching the reaction with 
methanol after which was the shortest reaction time possible with the equipment 
used，no lithium methoxide was found and it was concluded that 
bromodifluoromethyllithium had completely disappeared after IQ-^s. Quenching by 
cyclohexene produced 7,7-difluorobicyclo[4.2.0]-heptane after reaction times of 1.4 x 
10-4s and 4.7 x IQ-^ s but not after Tetrafluoroethene was found in the later 
experiment. The half-life of difluorocarbene thus appeared to be about 5 x under 
the conditions used by Franzen. 
Taking the above information into consideration, dibromodifluoromethane 
appeared to be a better halogenation agent than carbon tetrachloride for the Meyers' 
reaction, because the attendant difluorocarbene in the former would be expected to be 
formed rapidly by a concerted mechanism and its destruction by the hydroxide-r-
butanol system would occur long before the double bond formation via thiirane 1,1-
dioxide. Indeed, earlier work by us^ ^ clearly indicated the advantage of using the 
reagent powdered KOH-f-BuOH-CBr 2^2 in the sulfur dioxide extrusion from di-
secondary alkyl sulfones. The case in point is the formation of bicyclohexylidene and 
bicyclopentyllidene from dicyclohexyl sulfone and dicyclopentyl sulfone in 80 and 90% 
80% 
O/ ^ KOH, r-BuOH r ^ - s 化 … ‘ 
90% 
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yield, respectively. It is all the more gratifying to note that in these reactions the 
amounts of difluorocarbene adducts, if any, are negligible. An attempt to trap the 
difluorocarbene was made by inclusion of cyclohexene into the above reaction but no 
detectable quantity of the expected 7,7-dichlorobicyclo[4.2.0]heptane was formed. 
Presumably the difluorocarbene was rapidly consumed by KOH or /-butanol even 
before it escaped from the solvent cage. 
V 
With the knowledge on the beneficial results brought forth by the replacement 
of carbon tetrachloride by dibromodifluoromethane in the Meyers' reaction, the early 
stage of the present investigation was concentrated on the use of the re-adjusted 
conditions for the extrusion of sulfur dioxide from dithiacyclophane bissulfones since 
our long-standing synthetic objective was on a general effective route to large-sized 
cyclophanes. It was hope that similar benefits would be realized in the latter cases. It 
was therefore somewhat disappointing to find that treatment of 2,13-dithia-2,2,13,13-




rise to any improvement in the yield (46%) of [ 12]metacyclophane-1,12-diene (8) as 
compared with that (55%) obtained previously^ employing the KOH+BuOH-CClf 
cyclohexene condition. Even though direct evidence was lacking, the problem 
associated with benzylic a,a-dibromination seemed to have persisted with this 
dithiacyclophane bissulfone. 
In a discussion on the role of a suspension of pulverized potassium hydroxide 
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in r-butanol in these reactions，Meyers^^ pointed out that it provides the catalytic surface 
on which itself serves as the chemical progenitor of the reactive base, presumably 
surface-bound potassium r-butoxide. AU the base-catalyzed chemical processes in the 
Meyers’ reaction occur on or near the potassium hydroxide surface. Like other surface-
assisted chemical transformations, the number of potentially reactive molecules far 
exceeds the number of active sites throughout most part of the reaction. Therefore, a 
finite amount of potassium hydroxide with a finite surface area can accommodate only a 
limited number of molecules at a time. When more than one substrate is subjected to a 
base-catalyzed reaction occurring on the surface of the catalyst, the more acidic 
substrate molecules occupy the limited sites available and undergo complete reaction 
before the other less acidic substrate molecules enter the scene. This phenomenon was 
demonstrated by an experiment in which when an equimolar mixture of a-chlorobenzyl 
phenyl sulfone and benzyl phenyl sulfone was treated with the Meyers' reagent KOH-r-
BUOH-CCI4, the less acidic benzyl phenyl sulfone was chlorinated only after all the a-
chlorobenzyl phenyl sulfone was consumed (Figure 2) .14 
100% ^ V 
i V ^ 
^ \PhCHClSO2Ph X ^ P h C H i S O i P h i ol A 
0 • time 
Figure 2. Concentration Diminution of an Equimolar 
Mixture of PhCHClSOsPh and PhCHaSOsPh 
upon Treatment with KOH-r-BuOH-CClq. 
Taking hint from Meyers' observation described above, we reasoned that in the 
reaction of 7 with KOH-r-BuOH-CBr2F2, kinetic deprotonation at the non-benzylic a'-
position might be possible in the wake of a-bromination, should sufficient potassium 
hydroxide surface become available. A simple method to increase the surface area of a 
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catalyst is obviously to have it adsorbed on an inert support. According, a 1 : 3 (w/w) 
potassium hydroxide on neutral alumina (E. Merck, grade 1，Art. 1077) catalyst was 
prepared by rotary evaporating at 40-60<'C a previously stirred mixture of the aluminium 
oxide and potassium hydroxide in methanol until a free-flowing powder was obtained. 
This material was found to retain various amount of methanol which could be replaced 
by r-butanol by addition of the latter followed by further rotary evaporation at ~60�C. 
The effectiveness of the newly developed reagent system KOH/Al^Og-f-BuOH-
CBr^F�was tested on the dithia[14]metacyclophaiie bissulfone 7 and it was to our 
great delight that sulfur dioxide extrusion from 7 proceeded smoothly to give an 
isomeric mixture of [12]metacyclophane-l,l 1-diene (8) {vide infra) which was 
hydrogenated to [12]metacyclophane (9) in a total yield of 97% for the two steps 
n H 
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9 
combined. The success of the reaction is clearly a consequence of a large increase in 
the surface area of the catalyst and perhaps also the activating effects provided by the 
alumina s u r f a c e . 7 6 ’ 7 7 
Both the execution and workup procedure for our newly revised one-flask 
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Ramberg-Backlund reaction of dithia[14]cyclophane bissulfone 7 are operationally 
simple. In a typical run, 40 mL (91 g, 430 mmol) of dibromodifluoromethane is 
dropped slowly over 0.5 h to a vigorously stirred slurry of 13 g (35 mmol) of the 
bissulfone 7 and 200 g of KOH/AI2O3 (containing about 20% by weigh of KOH) with 
intermittent cooling by an cold-water bath so that the internal temperature is maintained 
at 25-35°C. After complete addition, the reaction mixture was stirred for an additional 
6 h. Filtration of the slurry through a pad of celite, washing thoroughly with hexanes 
the KOH/AI2O3 catalyst and subsequent workup of the combined filtrates in the usual 
manner give the crude [ 12]metacyclophanediene 8，which on passing through a short 
column of silica gel with hexanes as eluent, can be hydrogenated over 5% palladium on 
charcoal to give 7.9-8.3 g (93-97%) of [12]metacyclophane after purification by flash 
chromatography. The ratio of KOH to alumina in the catalyst does not affect the result 
appreciably so long as it is kept within the range from 1 : 4 to 1 : 2 but for convenience 
in sample size control, the 1 : 3 ratio is used for most of the experiments described in 
this Thesis. 
It can be be seen from the foregoing observations that the use of 
dibromodifluoromethane as a halogenating agent in the modified Ramberg-Backlund 
reaction essentially eradicates the problem caused by dihalocarbene interference, as 
evidenced by emergence of the unscathed tetraalkylethylenes as the major products 
from di-secondary alkyl sulfones. However, its use alone with powdered KOH does 
not solve the benzylic a,a-dihalogenation problem as shown by the virtually identical 
yield of 8 from 7 as compared with that obtained by using the Meyers' reagent KOH-r-
BUOH-CCI4. It is only when C B r ^ F � is used together with KOH adsorbed 
on alumina are we able to eliminate both the carbene and dihalogenation problems. 
Although a great deal of mechanistic work must be done before a tangible 
picture emerges, the dramatic improvement realized in the formation of 8 from 7 can 
only be accountable by the change in the surface area of potassium hydroxide and 
perhaps more importantly by the change in the character of the surface associated with 
the change from powdered potassium hydroxide to alumina-supported potassium 
hydroxide. If it can be reasonably assumed that, at a ratio of 1 : 3 for potassium 
hydroxide to alumina, the alumina surface is not completely covered with potassium 
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hydroxide, it may not be too far-fetched that sulfone molecules are tightly bound to the 
exposed portions through Al-0 interaction (Figure 2). Thus, a-deprotonation by the 
neighbouring KOH-r-BuOH system and bromination of the resultant a-carbanion by 
\ \ \ m m i i m i m m M m 
二 ( /-BuOH 




Figure 2. Possible Surface Interaction of a Sulfone on 
Alumina-Supported Potassium hydroxide. 
CBr2F2 would occur on the surface-bound sulfone. Once the a-bromosulfone is 
formed, intramolecular 1,3-elimination through a'-deprotonation again by nearby 
KOH-r-BuOH would likely take place faster than interaiolecular a-dibromination which 
requires the diffusion of a new dibromodifluoromethane molecule into the solvent cage 
surrounding the "immobilized" a-bromosulfone. In this manner, the normal course of 
the Ramberg-Backlund reaction prevails over dibromination. Admittedly, this model is 
rather primitive and unsubstantiated However, one small peice of evidence renders it a 
little more substantial than pure fantasy: when a catalyst of 10 : 1 in KOH : Al^Og (in 
which all the alumina surface is presumably completely covered by potassium 
hydroxide) was used, the yield of 8 from 7 fell back to about 40%, nearly the same as 
that in the case where only unsupported powdered potassium hydroxide was used. 
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III. SYNTHETIC APPLICATIONS OF THE NEW VERSION OF 
THE RAMBERG-BACKLUND REACTION 
It is clear from the foregoing discussion that the two problems associated with 
the Meyers reaction - dichlorocarbene interference and benzylic a,a-dichloTination - are 
IjK overcome by adjusting the reagent from KOH-J i^^ BuOH-Ca^ to KOH/AL^Os+BuOH-
CBr^F�. Encouraged by the preliminary results on the successful preparations of 
bicyclohexylidene from dicyclohexyl sulfone and of [12]metacyclophane-lJ. 1-diene 
(8) from 2,13-dithia[14]metacyclophane-2,2,13,13-tetroxide (7), our ®st task^as to 
extend the new reaction conditions to a number of structurally varied sulfones 
possessing both a- and a'-hydrogens in order to establish the scope of this revised 
. \ 
"one-flask" Ramberg-Backlund reaction. After its general applicability had been 
confirmed, we then proceeded to put it into use in the synthesis of both natural and 
'^^ '^ ^^ fenatural products. A new approach to (土 ) - m u s c o n e has been realized using 
[12] metacyclophane as a building-block which in turn, as described above, can now be 
made readily available by employing the newly developed Ramberg-B^klund reaction 
as a key step. Though the application of this reaction as a final step in a non-pyrolytic 
approach to corannulene was met with little success, a reasonable solution did come to 
light as a result of our venture in this direction. All these findings are presented and 
discussed in this section. 
III.l. The Formation of Alkenes from a,a'-Hydrogen-coiitaining 
Sulfones by Treatment with KOH/AI2O3小BuOH-CBr^F: 
With the aim to test our new variant of the Ramberg-Backlund reaction as a 
general method of olefination, the reactions of a series of a,a' -hydrogen-containing 
sulfones were examined. These sulfones were easily prepared by oxidation of the 
corresponding sulfides either with hydrogen peroxide in acetic acid or m-
chloroperbenzoic acid in chloroform, depending on the solubility of the particular 
sulfide. The sulfides were in turn readily assembled either by coupling of two identical 
alkyl halide molecules with sodium sulfide or by alkylation of a thiolate ion. Whenever 
a cyclic sulfide was required, the ring-closure was routinely conducted under high 
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dilution conditions to minimize polymerkation. 
The structural types of the sulfones examined included dibenzylic, benzylic 
primary alkyl, benzylic secondary alkyl, di-primary alkyl, di-secondary alkyl, and 
primary and secondary alkyl. For those sulfones which contained at least one benzylic 
group，conversion into alkenes was accomplished by addition of C B r s F � t o a rapidly 
stirred slurry of KOH/AI2O3 and the sulfone in r-butanol at room temperature. 
However, for ordinary dialkyl sulfones, it was necessary to pre-heat the mixture of 
sulfone and KOH/AI2O3 in r-butanol to 80°C before CBr^F] was added. The yields of 
the alkenes are shown in Table 3. In most cases investigated, the only isolable 
product was an alkene, and it was only in the reaction of di-primary alkly sulfones 
where vinyl bromides were detected as minor products. 
As in the Meyers reaction, dibenzylic sulfones were converted into stilbene-type 
products in good yields by our new-found version of the Ramberg-Backlund reaction 
(Entries 1-8). Entry 9 was an understandable exception where a 18% yield was not 
unreasonable for a four-fold Ramberg-Backlund reaction. Bis(3,5-dimethylbenzyl) 
sulfone (10) gave stereospecifically trans -3,3' ,5,5' -tetramethyIstilbene (11) in 95% 
yield (Entry 1 )• Stereospecificity was again observed in Entry 2 where 
Table 3. The Conversion of a,a'-Hydrogen-containing Sulfones into Alkenes by 
Treatment with KOH/AlaOg+BuOH-CBrsF:. 
Entry Sulfone Alkene Yield % 
� “ V ^ ^ 95 
10 f 厂 1 1 \ 
12 13 
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Table 3. (Continued) 
^ ^ Sulfone Alkene Yield % 
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O ^ ^ f i O X ？ 9 � 
3 14a 
3 15a 
( ) ^ ( ) 1CK CIS: trans 
I J ^ 15b =10:90 92 
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SO2 
4 O ^ d ^ 67 
16 U 
. V 
02S ^ ^ SO2 
6 I I 66 
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Table 3. (Continued) 
Entry Sulfone Alkene Yield % 
P " " " " — 
/ S 0 2 • J 
^ A s ^ A 7 � 
22 23 
OMe 
K J K ^ OMe 
8 ^jO^sI YUI 54 
24 25 
O2S S02 
r f V Y ^ U U 
^ ^ ^ 26 ^ ^ 27 
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Table 3. (Continued) 
齒 办 Sulfone Alkene Yield % 
10 92 
28 29 
11 O ^ C O O ^ 89 
30 31 
A 众 
12 ^S02 O2S. 97 
\ / R ® 
i ~ O 
A A 
13 O 2 S � O 2 S � [I l| 80 
32 33 
A A � " ’ 
14 ^ S 0 2 O2S. [ ] 86* 
1 广 H H ^ 
J ~ O \ ^ 
34 35 
* Identified as the corresponding cyclophane after hydrogenation. 
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Table 3. (Continued) 
^ ^ Sulfone Alkene Yield % 
2 4 82 
^ ^ ^ ^ 
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benzyl a-methylbenzyl sulfone (12) was transformed into r聽-1-methyl-1，2-
diphenylethene (13) as the only product in 85% yield. It is worthwhile to point out that 
this stereospecific outcome is different from the result obtained by the Meyers' 
procedure which led to a mixture of tram and cis isomers in a ratio of 3 : 1. The more 
highly stereoselective nature of our procedure is further seen in Entry 3 where meso-
and dl-di(a-methylbenzyl) sulfone (14a and 14b) were individually subjected to 
treatment with KOH/AlsOs+BuOH-CBrsF�. The meso sulfone 14a gave cis- and 
'-dimethylstilbene (15a and 15b) in a ratio of cis : trans = 98 : 2 in our 
procedure as compared with the ratio of 90: 10 in Meyers，; the dl sulfone 14b led to 
cis : tram = 10 : 90 in our procedure as compared with the ratio of 28 : 72 in 
Meyers，. 14 The reaction pathways for meso sulfone 14a and dl sulfone 14b under the 
Meyers' conditions were discussed in detail in Meyers，review article.^ Since meso 
sulfone 14a led to nearly exclusive formation of cis alkene 15a and dl sulfone 14b 
gave largely trans alkene 15b, our results again confirm the previous conclusion 14 that 
base-catalyzed a-bromination and subsequent 1,3-elimination occur faster than 
epimerization of the sulfone, and that the formation ratio 丨 ^^ epimmzation is 
larger for the meso sulfone than for the dl sulfone. The sequence for the meso sulfone 
14a is illustrated in Scheme 7. Ring contraction of 5，7-dihydrodibenzo[c，冲hiepin-
6,6-dioxide (16)78 proceeded smoothly on treatment with KOH/Al^Og-r-BuOH-
CBr2F2 to give phenanthrene (17) in 67% yield (Entry 4). The styryl benzenes 
19，79 21，80 23，81 2581 and 11 泣 likewise could be obtained from the corresponding 
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bissulfones 18 and 20，trissulfones 22 and 24，and tetrakissulfone 2 6 (Entries 5 -
9). Tlie yields of these oHgo(arylenevinylene)s were generally satisfactory although 
14a . 





G ^  B \ / cBr F T f = ^ Br 
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14b 
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Scheme 7. 1,3-Elimination and Epimerization of m^j(?-Di(a-methylbenzyl) 
Sulfone on Treatment with KOH/AlsOg+BuOH-CBrsF? 
that for 2,4,5-tristyrylstilbene (27) was only marginal partly due to solubility 
problem. The all trans double bonds in 23 and 25 were confirmed by the coupling 
constant of 16.4 Hz of the AB quartet of the vinylic protons. 
Entries 10- 14 all involved the reactions of benzyl primary alkyl sulfones and 
Entry 15 involved that of a benzyl secondary alkyl sulfone. Again good yields were 
observed. The trans configurations for the olefinic bonds in 29 and 31 were readily 
identifiable by coupling constants of 16.0 Hz and 15.9 Hz, respectively, for the olefinic 
protons. So far as the limit of NMR detection allowed, the crude products were free of 
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any ^-isomers. The formations of 2 9 and 3 1 in high yields once again demonstrate 
the superiority of the present version of the Ramberg-Backlund reaction over that of 
Meyers，for under the latter's conditions, benzyl primary alkyl sulfones generally lead 
to mixtures of tram- and dj-^-alkylstyrenes, trans- and cw-a-chloro-p-alkylstyrenes 
A r C H = C H R tt 机 ^ 
A r C H ^ S O . C H . R 腿 ， 剛 � ^ 肩 + , W 
CCI4 • / \ 
A r C C l = C H R Ar R 
and a>(3-alkyl-p-styrenesuifonic acid salt (see Scheme 5 in Section II).14 The 
formations of [n]metacyclophanedienes 8，33, 35 in remarkably high yields (Entries 
12-14) were particularly valuable because it was this key step which has allowed us to 
develop a general route to large-sized cyclophanes. The stereochemistry of the 
[12]metacyclophane-l, 11-dienes 8 formed in Entry 12 was examined in detail by 
NMR. Two fractions were obtained by careful flash chromatography from the reaction 
of 2,13-dithia[14]metacyclophane-2;2,13,13-tetroxide (7) with KOH/AI2O3+BUOH-
CBr^F�. One was a pure cyclophanediene and showed only one set of signals for the 
olefinic protons. On the basis of the coupling constant value of 11.6 Hz for Ha and Hb 
(Figure 3(a)), this compound was assigned the structure cis’ dj-[12]meta cyclo-
phane-1,11-diene. The other fraction was an inseparable mixture containing both 
trans, tram-md cis, trans-[12]metacyclophane-1,11-diene. The trans double bonds in 
both the trans’ tram- and cis, trans-isomers overlapped to give one set of signals with 
/ab == /a，b’ 二 15.5 Hz (Figure 3(b)). The cis double bond in the cis, trans-isomer 
displayed a separated set of signal with /a，，b，，= 11.2 Hz. The ratio of all three 
stereoisomers in the crude product was trans, trans : cis, trans : cis, cis 二 69 : 23 : 
8.In Entry 13，where the ring size inhibits the formation of a trans double bond, 
only cis, aj-[8]metacyclophane-1,7-diene (33) was formed. The stereochemistry of 
the double bonds in the methoxycyclophanediene 35 in Entry 14 was not analyzed in 
detail and the Ramberg-Backlund product was hydrogenated into the corresponding 14-
methoxy[12] metacyclophane for identification purpose. Entry 15 shows the 
applicability of our procedure to a benzyl secondary alkyl sulfone. 
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(b) In the mixture of tram, tram- and cis, trans-S 
Figure 3. The NMR Splitting Patterns of Olefinic Protons in 
[12]Cyclophane-l,ll-diene (8). 
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A significant difference between our procedure and the Meyers，reaction is seen 
in Entries 16-21. While treatment of di-primary sulfones by the Meyers' reagent 
KOH-r-BuOH-CCl* leads to the formation of potassium cw-dialkylethenesulfonate,^^ 
our reaction conditions gave 1,2-dialkylethenes in good yields (70 - 80%) although a 
small amount (7 - 16%) of vinyl bromide(s) was detected in each case. As expected, 
the alkene products in Entries 16-21 were mixtures of geometric isomers. 
Unfortunately, unresolved signal overlappings for the vinyUc protons in each of these 
alkene mixtures did not permit quantification of isomer ratio or assignment of double 
bond configurations. Although two sets of benzylic and aUylic proton signals were 
discernible in the NMR spectrum of alkene mixture 51 in Entry 20 and an isomer 
ratio of 2 : 1 was determined by signal integration, attempted assignment of double 
bond configuration was again hampered by unresolved signals for the vinyl protons. 
Further attempts to resolve this issue by NOE experiment were also unfruitful. Entry 
21 was a special case which demonstrated the feasibility of a “double-barrel” sulfur 
dioxide extrusion of two interlinking di-primary alkyl sulfone moieties to generate a 
cyclic diene. 
Entries 22-24 reconfirmed the other attractive feature of using CBrzF� as a 
halogenating agent in the “one-flask” Ramberg-Backlund reaction. As discussed earlier 
in Section n，the problem arising from dihalocarbene addition to the nascent double 
bond was completely eradicated by using the reagent KOH/Al^Os+BuOH-CBr^F� and 
tri- and tetrasubstituted olefins were formed in high yields. 
It is noteworthy that an attempt to prepare the conjugated diene 63 by treatment 
of cinnamyl benzyl sulfone (62) with KOH/AlsOs-rBuOH-CBr^F? was unsuccessful. 
Instead, cinnamyl r-butyl ether (64) was isolated in 65% yield together with 8% of 
cinnamaldehyde (65). Apparently, the allylic position in 62 suffered extensive 
displacement of sulfinate by r-butoxide, accompanied by a small extent of bromination 
as shown in Scheme 8. However, notwithstanding this limitation, the results cited in 
Table 3 should amply demonstrate the superiority of the present version of the 
Ramberg-Backlund reaction over the Meyers' modification. The synthetic utility of this 
new-found reaction is further illustrated in the areas of both natural and non-natural 
product synthesis described below. 
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62 2 2 63 
6 4 65% 
KOWAI2O-S 
r-BuOH-CBr2F2 




f f V ^ C H O 
65 8% 
Scheme 8. Reactions of Cinnamyl Benzyl Sulfone (62) with 
K0H/Al203-r-Bu0H-CBr2F2. 
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111丄 Synthesis of (±)-Muscone from [12]Metacyclophane 
The impetus for our long search for a convenient entry to large-sized 
[njcyclophanes was propelled by a notion that these carbocycles could be turned into 
useful synthetic building-blocks for natural products. We felt that with a long chain 
anchored to a benzene ring, [njcyclophanes beckoned functionalization into 
manipulatable macrocyclic systems from which a number of natural products might 
become handily accessible. Simple as such an idea may seem, [njcyclophanes have 
rarely been exploited as building-blocks in natural product synthesis. 83 Attracted by 
this approach to macrocyclic natural products, we formulated a straightforward 
retrosynthetic analysis of muscone (66)，84,85 出e principal odorous constituent of the 
musk pod from the male deer Moschus Moschifenis, as shown in Scheme 9 which 
M e O 0 0 J J J V 
— 
66 67 9 
Scheme 9. Retrosynthetic Analysis of Muscone (66). 
unveils [12]metacyclophane (9) as the synthetic equivalent of cyclopentadecane-1,3-
dione (67). For the forward synthetic operation, a combination of the Birch reduction 
and ozonolysis quickly came to mind as a solution. 
With now at our disposal a reliable routine providing ten-gram quantities of 
[12]metacyclophane through the use of the newly uncovered Ramberg-Backlund 
reaction as a key synthetic step, we were at a good position to investigate the feasibility 
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of the approach to muscone (66) expressed in Scheme 9. [12]Metacyclophane(9) 
was readily assembled in four simple steps from l,3-bis(mercaptomethyl)-
A 众 
r^^^ ；^：：：^^ + Br(CH2)ioBr _ 丽 
「 ， Q I V E t O l T ^ S S \ 
HS SH 69% F ] 
k A - A ^ 
68 
愈 jdi 
H 2 O 2， H O A C K Q H / A I 2 O 3 I 
95% ^ ^ ^ O 於 、 t - B u O U y ^ H H - V 
7 8 
众 11 
H2, Pd/C 算 Li，NH3(l) 1 
97% from 7 ^ r-BuOH, THF^ J \ 
I -78^C, 95% [ � 
^ ^ ~ V k ^ ~ 
9 69 
1. O3，Sudan Red,-78�C J 
2. (CH3)2S ^ ^ N ~O 
67 
Scheme 10. Synthesis of Cyclopentadecane-1,3-dione (67) from 1,3-Bis-
(mercaptomethyl)benzene and 1，10-Dibromodecane. 
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benzene and l，10-dibromodecane as shown on Scheme 10. Cyclocoupling of 1,3-
bis(mercaptomethyl)benzene and 1,10-dibromodecane in the presence of potassium 
hydroxide in benzene-ethanol under moderate dilution condition gave 2,13-
dithiacyclophane (68) in reasonably good yield Oxidation of dithiacyclophane 68 into 
its bissulfone 7 followed by the newly modified Ramberg-Backlund reaction of the 
latter yielded the isomeric mixture of [12]metacyclophane-l,l 1-dienes 8 as described 
ealier in Section ILl. Hydrogenation of isomeric 8 led to [12]metacyclophane (3) in 
better than 60% yield for the four steps combined Birch reduction of 3 took place with 
ease to give essentially quantitative yield of 15,18-dihydro[12]metacyclophane (69). 
Ozonolysis of the Birch reduction product 6 9 using acidified potassium iodide solution 
as indicator in the ozonization step gave erratic results which afforded at best 30% of 
cyclopentadecane-1,3-dione (67) after reductive workup by treatment with dimethyl 
sulfide. However controlled ozonization of 69 using Sudan Red^^ as indicator 
afforded, after reductive workup, satisfactory yield of 67. It is noteworthy that a 
reaction sequence comprising six simple steps has allowed the preparation of a 
macrocyclic 1,3-diketone in an overall yield of 40% and that this overall operation is 
O O 
+ Br(CH2)ioBr 紐 鄉 • J L 
I 40% 1 
H S SH ~ 
67 
•
1 O O 
/ ^ S 三 1 1 
H S SH 
Scheme 11. l,3-Bis(mercaptomethyl)benzene as a Pentane-2,4-
dione-l,5-dianion Equivalent. 
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tantamount to transfiguring 1,3-bis(mercaptomethyl)benzene into a synthetic equivalent 
of the pentane-2,4-(lione-l,5-dianion. Indeed the general applicability of this approach 
to macrocycHc 1,3-diketGnes as well as macrocyclic p-keto lactones has been further 
demonstrated by on-going works in our laboratory.87 
The preparation of cyclopentadecane-1,3-clione (67) may be regarded as a 
completion of a formal synthesis of (±)-muscone (66) by virtue of the previous work 
by Ito and Saegusa.84(y) i n the reaction scheme of these authors, the first step involved 
the conversion of 67 into its enol acetate by trans-esterification with isopropenyl 
acetate.^(y) However, in contrast to the implicated acid stability of 67 in refluxing 
isopropenyl acetate containing /Koluenesulfonic acid, we observed extensive 
decomposition of 67 under these conditions. Therefore, we chose to complete the 
synthesis of (±)-muscone (66) from 67 via the 3-methoxycyclopentadeca-2-enone 
(70) which was readily accomplished by O-methylation under basic conditions 
o O O OMe 
CH3OTS, K2CO3 
I H M P A 9 8 % [ ] 
67 70 
Me O Me O 
1. CR^U, Et^O J 1 % Pd/C J 
2.H3O+ 7 1 % S 9 8 % ‘ p � 
7 1 66 
Scheme 12. Synthesis of (土)-Muscone (66) from Cyclopentadecane-1,3-
dione (67) 
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(Scheme 12).Treatment of 70 with methyUithium followed by aqueous acid workup 
afforded 3-methylcyclopetadeca-2-enone (71) in 71% yield. Hydrogenation of 7 1 
furnished essentially quantitatively (±)-muscone (66)，identical in all respects with an 
authentic sample, which we received as a generous gift from Firmenich HK Ltd. 
Synthetic route to racemic muscone are by no means in short supply in the 
literature; forty or so different approaches are known.84 Nevertheless, our present 
synthetic route should serve to convey the message that [n]cyclophanes can be 
conveniently manipulated into useful building-blocks for macrocyclic natural products. 
Now that large-sized [n]cyclophanes have become accessible in relatively large 
quantities by the dithiacyclophane bissulfone — cyclophanediene — cyclophane 
sequence employing as key step the new version of the Ramberg-Backlund reaction, 
further exploitation of their use in natural product synthesis awaits future attention. 
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m . 3. A Non-pyrolytic Route to Corannulene 
In 1966，Barth and Lawtoii88，89 reported the synthesis of a new and interesting 
bowl-shaped polycyclic aromatic hydrocarbon, dibenzo[^/i/, /w/tt7]fluoranthene (72)，to 
which the trivial name "corannulene" was assigned from the Latin words cor (heart) 
and amula (ring). This highly strained molecule had scarcely attracted the attention of 
72 
synthetic organic chemists 90 until a quarter of a century later when two new synthetic 
routes were reported in 1991^1 and 199292，93 by Scott's and Siegel's groups. The 
recognition of its being a structural sub-unit of buckministerfullerene obviously has 
rekindled these recent interests in more effective syntheses of corannulene. 
Both Scott's and Siegel's new syntheses of corannulene share in common the 
execution of converting a fluoranthene precursor into the target compound by means of 
flash vacuum pyrolysis as summarized in Scheme 13. In Scott's approach^ 
either 7, lO-diethynylfluoranthene (73) or 7,10-bis(2,2-dibromoethenyl)fluoranthene 
(74) can be pyrolyzed to corannulene at 900-1000°C under 10^ torr. In Siegel's 
approach93，either 1,6,7,10-tetrakis(bromomethyl)fluoranthene (75) or the bissulfone 
7 6 is transformed into corannulene by flash vacuum pyrolysis. 
The reported synthesis of bissulfone particularly attracted our attention, 
for with a newly developed Ramberg-Backlund reaction employing the reagent KOH/ 
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/ { lOOQoc，IQ-^ torr 
73 
BrzC 二 C — ^ l ^ Y ^ C = C B r 2 
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B r H z C ~ C E ^ B r 
/ \ 1000°C, vacuum 
IS 
/ \ I ^ 400°C, vacuum 
76 
Scheme 13. Conversion of Fluoranthene Derivatives into Corannulene 
by Flash Vacuum P y r o l y s i 科 9 3 
Al203-r-BuOH-CBr2F2 at our disposal, we were curious as to whether the conversion 
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of 7 6 to corannulene could be effected by our methodology, which by any measure 
should be regarded as less cumbersome than pyrolytic means. Accordingly, we 
undertook a slightly different approach to corannulene according to the retrosynthetic 
analysis shown in Scheme 14, 
W w w 
72 76 77 
� B r H ^ rH2Br \ J ^ V ^ 
75 78 
79 80 
� C O 尹 
81 82 
Scheme 14. Retrosynthetic Analysis of Corannulene (72). 
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The synthetic steps leading to l，3，6，8-tetrahydrofluorantheno[l，10-afe:6，7-
c W 1bisthiepin-2,2,7,7-tetroxide (76) were essentially patterned after the work of 
Siegel93-95，although some modifications were made. Thus, the synthesis of 76 was 
carried out beginning from 2,7-dimethylnaphthalene which was prepared uneventfully 
in high yield according to the reactions (Scheme 15) previously used by Leitch^^. 
Sodium methoxide-catalyzed a-acetylation of acetone with methyl formate followed by 
acetalization of the resultant keto aldehyde yielded ketal acetal 83.97 Further reaction of 
83 with AW -methylbenzylmagnesium bromide (84) and subsequent cyclization-
dehydration of the resultant hydroxy acetal 85 with 40% hydrobromic acid furnished 
the requisite 2,7-dimethylnaphthalene (82). 
O O O OMe 
+ LNa0Me，Et20 
H ' ^ ' ^ O M e 2. anhydrous HCl,^ 
MeOH ^ ^ 
83 




Scheme 15. Synthetic Sequence for 2,7-Dimethylnaphthalene. 
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The conversion of 82 into 3,8-climethylacenaphthenone (80) could be effected 
by two reaction pathways as outlined in Scheme 16 and Scheme 17. Scheme 16 
entails the transformation of 82 into l-(2-hydroxyethyl)-2，7，-dimethylnaphthalene (87) 
v^ l-bromo-2,7-dimethylnaphthalene (86) by reacting the Grignard reagent derived 
Br 
T( )\( )\ Br^^CCh i r n T n Mg，THF 
Ih, 85% 2 A ^ 
82 86 . _ 
y C H O 
r ^ OH 
^ Dess-Martin \ z 
Y ^ ^ ^ f f ^ ^ periodinane • 1. Ag^Q, NaOH 
.⑶7發，‘ 2.矿，30% 1 
87 88 
广 r Y lyyr ^ yiyr 
81 80 
Scheme 16. Conversion of 2,7-Dimethylnaphthalene (82) into 
3,8-Dimethylacenaphthenone (80) via l-(2-Hydroxy-
ethyl)-2,7-dimethylnaphthalene (87). 
from the last-mentioned with ethylene oxide. Our initial hope was to oxidize primary 
alcohol 87 directly into 2,7-dimethyl-l-naphthylacetic acid (81). However, either the 
Collins reagent or pyridinium dichromate in iV^-dimethylfonnamicle^® caused serious 
side reactions probably as a result of oxidative cleavage of the naphthalene nucleus. 
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Attempts to remedy this difficulty by stepwise oxidation of 87 by way of the aldehyde 
88 (which was accomplished by Dess-Martin oxidation^) was balked by the poor 
yield of the subsequent oxidation of 88 to 81 (which at best was obtained in 30% yield 
by using silver oxide). These disappointing results, coupled with the further 
difficulties encountered in the cyclization of 81 by polyphosphoric acid, forced us to 
abandon the reaction sequence shown in Scheme 16 for reason of poor overall yield 
CH2CI 
(c肌，HCl KCN，acetone/H,0 
AcOH, 24h 63% ‘ reflux, 12h 94% ‘ 
82 89 
^ C N XO2H 
游 4，Ac0H/H20, " Y m ^ ^ ^ 
reflux, 24h 92% ‘ 
90 81 
一 A 
2. AICI3, PhNO. ‘ ( ) ( ) 
86% 
80 
Scheme 17. Conversion of 2,7-Dimethylnaphthalene (82) into 
3,8-Dimethylacenaphthenone (80) via (2,7-Dimethyl-
1 -naphthyl)acetonitrile (90). 
The pathway previously employed by Siegel94 (Scheme 17) turned out to be 
extremely efficient for access to 3,8-dimethylacenaphthenone (80). Chloromethylation 
of 82 followed by cyanide replacement of the resultant chloride readily afforded nitrile 
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90 which was hydrolyzed to acid 81. Transformation of 81 into 80 was most 
effectively achieved by subjecting the add chloride of 81 to Friedel-Crafts conditions. 
Conversion of 3,8-dimethylacenaphthenone (80) into 1,6,7,10-
tetramethylfluoranthene (78) was accomplished in three steps^^ (Scheme 18) in an 
overall yield of41%. Cyclocondensation of 3,8-dimethylacenaphthenequinone (79)， 
prepared by selenium oxidation of 80，with 3-pentanone in alkaline methanol provided 
rf K 1 
Se02，60�C，48h ^ 
dioxane-HsO 56% ^ ~ M e O H , KOH 
r.t, Ih 87% 
80 79 
• H 盖 脅 
^^；：^ ：^；^^^;:^：：：；；^^ acetic anhydride 
uyi� 产�
9 1 78 
Scheme 18. Synthesis of 1,6,7,10-Tetxamethylfluoranthene (78) 
from 3，8-Dimethylacenaphthenone (80). 
the hydroxy ketone 91. Treatment of 91 with the acetylene equivalent norbomadiene 
in refluxing acetic anhydride resulted in in situ dehydration of 91，Diels-Alder 
cycloaddition of the resultant cyclopentadienone with norbomadiene, cycloreversion of 
the cycloadduct with expulsion of cyclopentadiene, and finally decarbonylation, all in 
one operation, to give 78. It is noteworthy that the cyclocondensation adduct 91 was a 
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diastereomeric mixture consisting of the trans isomer 91a and cis isomer 91b in a ratio 
of 6:1. The relative stereochemistry in 91a and 91b was readily discernible by their 
NMR spectra. The a-methyl protons in 91a are deshielded by the naphthalene ring 
O C 
飞 y ^ M e 飞 广 H 
) ~ ( " ' O H ) ( " ' O H "Ou uu 
91a 91b 
current and showed resonance signal as a doublet at 1.59 ppm and the proton a to the 
carbonyl function showed normal resonance signal at 2.74 ppm. On the other hand, 
the a-methyl protons in 91b, being situated away from the deshielding zone of the 
naphthalene ring showed normal resonance signal at 0.95 ppm while the proton a to the 
carbonyl group, being situated at the deshielding zone, showed resonance signal at 
3.13 ppm. Needless to say, the stereochemical difference in 91a and 91b did not 
affect their subsequent reaction in Scheme 18 since both were dehydrated in refluxing 
acetic anhydride, presumably by Ej type mechanism. 
Conversion of 1,6,7,10-tetramethylfluoranthene (78) into the desired 1,3,6,8-
tetrahydrofluorantheno[ 1,10- cde: 6,1-c ‘ ]bisthiepin-2,2,7,7-tetroxicie (76) was 
completed by the steps shown in Scheme 19. Siegel^ ^ reported that bromination of 
7 8 with five equivalents of iV-bromosuccinimide gave tetrabromide 75 in 80% yield. 
However, this reaction was not reproduced in our hand. All attempts by us to effect 
this reaction using iV-bromosuccinimide invariably led to the formation of an intractable 
mixture of bromination products. Instead, photobromination by slow addition of four 
equivalents of bromine was found to be more practical, under which conditions the 
tetrabromide 75 was reproducibly obtained in moderate yields. Cyclization of 75 into 
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Scheme 19. Synthesis of 1，3，6，8-Tetrahydrofluorantheno[ 1,10-
cde: 6,7-c W 1bisthiepin-2,2,7,7-tetroxide (76) 
from 1,6,7,10-Tetramethylfluoranthene (78). 
1,3,6,8-tetrahydrofluorantheno[ 1,10-cde: 6,7-c'J'^Hbisthiepin (77) by sodium sulfide 
proceeded smoothly and oxidation of 7 7 with excess /w-chloroperbenzoic acid readily 
provided the desired bissulfone 76. The extremely poor solubility of 7 6 in common 
organic solvents did not allow the measurement of its nmr spectrum. However, the 
mass spectrum of 76，which showed peaks at m/z 384 (M++2), 382 (M+) and 254 
(M+-2SO2)，confirmed its structure. 
With the bissulfone 76 on hand, the stage was set to test the feasibility of 
transforming it into corannulene (72) by our newly developed Ramberg-Backlund 
reaction. At the outset of this piece of investigation, some difficulty was anticipated 
with respect to the second stage of the proposed “double-barrel” Ramberg-Backlund 
reaction on 76. In the pre-conceived scenario of this coveted two-step overall 
transformation, the first stage leading to the formation of the likely intermediate 92 
57 
would not be expected to be thwarted by undue structural strain. However, the 
intended conversion of 92 into corannulene (72)，entailing the intermediacy of a highly 
strained thiirane dioxide, had to be surmised as formidable and it was only hoped that 
the balance between aromaticity and structural strain would bring home the target 





recourse to cumbersome high-temperature flash vacuum pyrolysis thus prompted us to 
undertake this investigation. 
In the event of the execution of our plan, the anticipated difficulty was 
compounded by the extremely poor solubility of bissulfone 76 in r-butanol. We were 
indeed very disappointed to observe that treatment of a suspension of 76 and alumina-
adsorbed potassium hydroxide in r-butanol with excess dibromodifluoromethane under 
standard conditions led to the formation of corannulene only in a dismal 2% yield. 
Attempts to improve this poor yield by varying the reaction temperature were fruitless. 
Reasoning that fast addition of excess dibromodifluoromethane might enhance the 
likelihood of dibromination of the presumed intermediate 92，a measure was taken to 
add only a slight excess of 3 mol equivalents of dibromodifluoromethane dissolved in 
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excess。说之！^之， X - d s . 
( ) T f fast addition, 2%; 
3 mol. equiv. CBr^F ,^ [ J J 
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76 72 
r-butanol. The yield by this procedure was increased to 5%. Encouraged by this 
result, a further adjustment of the 
reaction conditions was made by changing the 
halogenating agent from dibromodifluoromethane to carbon tetrabromide on ground 
that (1) the intended corannulene should be relatively immune to the assault by 
dibromocarbene even if it would be likely formed concomitantly, and (2) solid carbon 
tetrabromide can be more conveniently weighed in mg quantities. After much 
experimentation, the yield of corannulene can now be upgraded to an acceptable 20% 
�…KOH/Al203，/-BuOH , 
3 mol. equiv. CBr4, slow 
( j ( j addition over 3 days ( } ( j 
76 72 
by slowly adding 3 mol equivalents of carbon tetrabromide in 0.5 mol equivalent 
portions at 12 h intervals at room temperature over three days to a rapidly stirred 
suspension of 76 and alumina-supported potassium hydroxide in r-butanol, followed 
by further stirring for 1 day. 
Although the yield of corannulene from bissulfone 76 by our method is only 
comparable to those previously reported by pyrolytic routes^ "^^ ,^ the operational 
simplicity of the present procedure certainly makes corannulene a more easily accessible 
compound. Our results should serve to demonstrate the synthetic usefulness of the 
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modified Ramberg-B^klund reaction in the construction of strained polycycHc aromatic 
compound and it is hoped that this finding would provide stimulus for further work 
along this line. 
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I V . CONCLUSION 
The replacement of the reagent KOH+BuOH-CCl^ in the Meyers' protocol of 
the Ramberg-Backlund reaction by KOH/Al^Os+BuOH-CBrsFs has resulted in a 
much more effective conversion of a,a'-hydrogen-containing sulfones into alkenes. 
The two drawbacks noted for the Meyers' modification of the Ramberg-Backlund 
reaction, namely, the restriction on the formation of stilbene-type systems from 
dibenzylic sulfones and the interference of dichlorocarbene on the nascent 
tetrasubstituted alkenes, are now overcome so that a reaction of much wider scope has 
been realized as illustrated by its applicability to a broad range of structurally varied 
sulfones. The great ease with which the requisite sulfones can be assembled coupled 
with the operational simplicity in its execution as well as the generally good yields of 
alkenes obtainable from it, render our new version of the Ramberg-Backlund reaction 
an attractive method of olefination. Its synthetic usefulness is further demonstrated by 
the key role it plays in a new synthesis of (±)-muscone from [12]metacyclophane. The 
investigation on the application of the present methodology for carbon-carbon double 
bond construction has also led to a more accessible route to corannulene without 




All reagents and solvents were reagent grade. Further purification and drying 
by standard method 100，101 were employed when necessary. All evaporation of organic 
solvents was carried out with a rotary evaporator in conjunction with a water aspirator. 
Melting and boiling points are uncorrected. NMR spectra were recorded on a Bruker 
Cryospec WM 250 spectrometer (250 MHz for ^H and 62.5 MHz for ^^C). All NMR 
measurements were carried out at room temperature in deuterated chloroform solution, 
unless otherwise indicated. Chemical shifts are reported as parts per million (ppm) in 6 
units on the scale downfield from tetramethylsilane (TMS) or relative to the resonance 
of chloroform solvent (7.26 ppm in the ^H, 77.0 ppm for the central line of the triplet 
in the ^^ C modes, respectively). Coupling constants (J) are reported in Hertz (Hz). 
Splitting patterns are described as ”s" (singlet); "d" (doublet); "t" (triplet); "q” (quartet); 
"m" (multiplet). iH NMR data are reported in this order: chemical shifts; multiplicity; 
number of proton(s); coupling constant(s). Mass spectral (MS) data were obtained on 
a VG 7070F mass spectrometer, and recorded at an ionization energy of 70 eV. In all 
cases, signals are reported as m/z. Analytical thin-layer chromatography (TLC) was 
carried out on commercial R Merck 60 PF254 silica gel plates (Art. 5554). E Merck 
230-400 mesh silica gel (Art. 9385) was used for column chromatography. Elemental 
analysis were performed at the Shanghai Institute of Organic Chemistry, The Chinese 
Academy of Sciences. 
General Procedure to the Preparation of Alumina-Supported Potassium 
Hydroxide 
Batches of alumina-supported potassium hydroxide weighing approximately 
450 g each were most conveniently prepared in the manner described as follows. To a 
solution of 85% potassium hydroxide pellets (lOOg) in methanol (400 mL) was added 
neutral alumina (R Merck, grade I，Art 1007, 300 g) of 70-230 mesh in particle 
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size. The mixture was stirred for 1 h and rotary evaporated at 40®C then 60®C until the 
content became a free-flowing powder and reached a constant weight, which usually 
took about 5 h. The adsorbed material usually retained about 50 g of methanol and 
possibly also some water so that the total weight was 450±5 g. The alumina-supported 
potassium hydroxide prepared in this manner could be stored in tightly capped bottle 
without losing its effectiveness for periods up to six months. Unless otherwise stated, 
this was the catalyst used in most of the experiments described in this Thesis. 
The retained methanol in the alumina-supported potassium hydroxide catalyst 
prepared as described above could be replaced by /-butanol by first mixing it with t-
butanol (oa 200 mL) and by re-subjecting the r-butanol-soaked catalyst to rotary 
evaporation for about 3 h until a constant weight {oa 420±5 g) was obtained (Thus, the 
catalyst retained about the same weight of r-butanol as it retained methanol). The 
alumina-supported potassium hydroxide obtained in this manner is labelled as “t-
butanol-retained alumina-supported potassium hydroxide". Both the "methanol-
retained" and "r-butanol-retained" catalysts were prepared by depositing KOH on 
alumina in a 1 : 3 w/w ratio but contained about 20% of KOH by weight in their final 
forms on account of solvent retention. They showed no appreciable difference in 
activity. 
General Procedure for the Conversion of the Dibenzylic or 
Monobenzylic ct, a'-Hydrogen-containing Sulfones into Alkenes 
To a vigorously stirred mixture of the sulfone (50 mmol), alumina-supported 
potassium hydroxide (100 g), and 卜 b u t a n o l (200 mL) in a 1-L round-bottomed flask 
equipped with an addition funnel and a condenser circulated by ice-cold water, was 
added dropwise dibromodifluoromethane (45 g，210 mmol) over 30 min while the 
internal temperature was maintained at 25-35®C by cooling with an ice bath. After 
completion of addition, the mixture was stirred at room temperature for an additional 6 
h，after which the solid catalyst was removed by suction filtration through a pad of 
celite and washed thoroughly with hexanes or dichloromethane. The combined filtrate 
was washed with water and brine to remove the r-butanol, dried over anhydrous 
magnesium sulfate, and evaporated by a rotavapor to give the crude alkene, which was 
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further purified by flash column chromatography over silica gel. 
/ra/i5-3,3%5,5'-Tetramethylstilbene (11)102 
To a vigorously stirred mixture of bis(3,5-dimethylbenzyl)sulfone (10) 
(10.0 g, 33 mmol), alumina-supported potassium hydroxide (70 g), and "butanol (150 
mL) in a 250-mL round-bottomed flask equipped with an addition funnel and a 
condenser circulated by ice-cold water, was added dropwise dibromodifluoromethane 
(30 g，140 mmol) over 30 min while the internal temperature was maintained at 25-
35°C by cooling with an ice bath. After completion of addition, the mixture was stirred 
at room temperature for an additional 6 h, after which the solid catalyst was removed by 
suction filtration through a pad of celite and washed thoroughly with hexanes (3 x 80 
mL). The combined filtrate was washed with water (3 x 200 mL) and brine (50 mL) to 
remove the r-butanol, dried over anhydrous magnesium sulfate, and evaporated by a 
rotavapor to give a crude alkene, which was further purified by flash column 
chromatography over silica gel (200 g) using hexanes as eluent to give trans-3,3\5,5'-
tetramethylstilbene(l 1) (7.4 g, 95%) as colorless needles: mp 139-141^C (lit^^^ 140-
141�C); ^H NMR 5 2.32 (s，12H), 6.88 (br. s, 2H), 7.02 (s, 2H), 7.12 (br. s, 2H); 
13c NMR 6 21.22, 124.40，128.57, 129.23, 137.52, 138.02; MS m/z 236 (M+， 
19.8). 
/rfl/is-l-MethyI-l,2-diphenyIethene (13)104 
To a vigorously stirred mixture of 1-methylbenzyl benzyl sulfone (12)103 (lO.O 
g, 38 mmol), alumina-supported potassium hydroxide (80 g), and r-butanol (170 mL) 
in a 500-mL round-bottomed flask equipped with an addition funnel and a condenser 
circulated by ice-cold water, was added dropwise dibromodifluoromethane (35 g, 163 
mmol) over 30 min while the internal temperature was maintained at 25-35°C by 
cooling with an ice bath. After completion of addition, the mixture was stirred at room 
temperature for an additional 6 h, after which the solid catalyst was removed by suction 
filtration through a pad of celite and washed thoroughly with hexanes (3 x 100 mL). 
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The combined filtrate was washed with water (3 x 200 mL) and brine (50 mL) to 
remove the r-butanol, dried over anhydrous magnesium sulfate, and evaporated by a 
rotavapor to give the crude alkene, which was further purifide by flash column 
chromatography over silica gel (200 g) using hexanes as eluent to give rra/u-l-methyl-
1,2-diphenylethene (13) (6.3 g, 85%) as a colorless solid: mp 79-80°C (lit.川3 gQ.l-
80.5�C); iHNMR 5 2.28 (s, 3H)，6.84 (br. s, IH), 7.2-7.42 (m，8H)，7.52 (dd, 2H, 
/ = 7.1 Hz, 1.2 Hz); l^c NMR 5 17.45, 126.03，126.46，127.15，127.78, 128.17， 
128.32，129.15，137.51，138.48，144.10; MS m/z 194 (M+，14.7). 
ds-l ,2-Dimethyl-l ,2-diphenylethene (15a) 105 
To a vigorously stirred mixture of /new?-di(l-methylbenzyl)sulfone (14a) 106 
(8.0 g, 29 mmol), alumina-supported potassium hydroxide (60 g), and r-butanol (130 
mL) in a 250-niL round-bottomed flask equipped with an additional funnel and a 
condenser circulated by ice-cold water,was added dropwise dibromodifluoromethane 
(30 g, 140 mmol) over 30 min while the internal temperature was maintained at 25-
35°C by cooling with an ice bath. After completion of addition, the mixture was stirred 
at room temperature for 4 h, then the solid catalyst was removed by suction filtration 
through a pad of celite and washed thoroughly with hexanes (3 x 80 mL). The 
combined filtrate was washed with water (3 x 150 mL) and brine (50 mL) to remove 
the r-butanol, dried over anhydrous magnesium sulfate, and evaporated by a rotavapor 
to give the crude alkene. Flash column chromatography of this crude product over 
silica gel (150 g) using hexanes as eluent gave a mixture of cis- and trans i;2-dimethyl-
i;2-diphenylethene ( 1 5 ) in a ratio of 98 : 2 (5.4 g, 90%), which was further purified 
by recrystallization from hexanes to afford pure cis-1,2-dimethyl-1 ； 2 - d i p h e n y l e t h e n e 
(15a) (5.1 g, 85%) as a colorless solid: mp 64-66°C (lit.^^ 65-66°Q; H^ NMR 6 2.16 
(s，6H), 6.92-7.08 (m，lOH); ^^ C NMR 6 21.49，125.61, 127.60, 129.24，133.00, 
144.78; MS w/z208 (M+，11.9). 
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/ra«5-l,2-Dimethyl-l,2-diphenylethene (15b) 105 
To a vigorously stirred mixture of J/-di( 1-methylbenzyl)sulfone (14b)i06 (8.0 
g，29 mmol), alumina-supported potassium hydroxide (60 g), and r-butanol (130 mL) 
in a 250-mL round-bottomed flask equipped with an additional funnel and a condenser 
circulated by ice-cold water,was added dropwise dibromodifluoromethane (30 g, 140 
mmol) over 30 min while the internal temperature was maintained at 25-35°C by 
cooling with an ice bath. After completion of addition, the mixture was stirred at room 
temperature for 4 h, then the solid catalyst was removed by suction filtration through a 
pad of celite and washed thoroughly with hexanes (3 x 80 mL). The combined filtrate 
was washed with water (3 x 150 mL) and brine (50 mL) to remove the r-butanol, dried 
over anhydrous magnesium sulfate, and evaporated by a rotavapor to give the crude 
alkene. Flash column chromatography of this crude product over silica gel (150 g) 
using hexanes as eluent gave a mixture of tram - and cis 1,2-dimethyl-l^-
diphenylethene(15) in a ratio of 90 : 10 (5.5 g, 92%) which was further purified by 
recrystallization from hexanes to afford pure rra/w-l,2-dimethyl-l^-diphenylethene 
(15b) (4.8 g, 79%) as a colorless solid: mp 105-107°C (lit.i糾 105-106°C); ^HNMRS 
1.88 (s, 6H), 7.2-7.4 (m, lOH); ^^CNMRS 22.51, 126.30，128.24，129.24, 133.02， 
144.78; MS m/z 208 (M+, 16.2). 
Phenanthrene (17)107 
To a vigorously stirred mixture of 5,7-dihydrodibenzo[c,e]thiepm-6,6-dioxide 
(16)108 (6.0 g，25 mmol), alumina-supported potassium hydroxide (50 g), and t-
butanol (100 mL) in a 500-mL round-bottomed flask equipped with an addition funnel 
and a condenser circulated by ice-cold water, was added dropwise 
dibromodifluoromethane (21 g, 100 mmol) over 30 min while the internal temperature 
was maintained at 25-35°C by cooling with an ice bath. After completion of addition, 
the mixture was stirred at room temperature for an additional 6 h, after which the solid 
catalyst was removed by suction filtration through a pad of celite and washed 
thoroughly with dichloromethane (3 * 80 mL). The combined filtrate was washed with 
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water (3 x 100 mL) and brine (30 mL) to remove the r-butanol, dried over anhydrous 
magnesium sulfate, and evaporated by a rotavapor to give the crude solid, which was 
further purified by flash column chromatography over silica gel (100 g) with hexanes 
as eluent to give pure phenanthrene (17) (3.1 g, 67%) as pale yellow crystals: mp 99-
lOQoc (lit 107 101)； iR NMR 6 7.62 (m, 4H), 7.73 (s，2H), 7.88 (d，2H, 7 = 6.9 Hz), 
8.68 (d, 2H, 7= 7.9 Hz); MS m/z 178 (M+，56.7). 
rrfl/is,/rany-l,3-Distyrylbenzene (19)79 
To a vigorously stirred mixture of/n-xylyl dibenzyl bissulfone (18)109 ( g j g， 
20 mmol), alumina-supported potassium hydroxide (80 g), and r-butanol (150 mL) in a 
500-mL round-bottomed flask equipped with an addition funnel and a condenser 
circulated by ice-cold water, was added dropwise dibromodifluoromethane (42 g, 200 
mmol) over 30 min while the interaal temperature was maintained at 25-35°C by 
cooling with an ice bath. After completion of addition, the mixture was stirred at room 
temperature for an additional 6 h, after which the solid catalyst was removed by suction 
filtration through a pad of celite and washed thoroughly with dichloromethane (3 x 80 
mL). The combined filtrate was washed with water (3 x 100 mL) and brine (30 mL) to 
remove the r-butanol, dried over anhydrous magnesium sulfate, and evaporated by a 
rotavapor to give the crude solid, which was further purified by flash column 
chromatography over silica gel (120 g) with hexanes and dichloromethane (4 : 1) as 
eluent to gave pure mz/w/m瓜-l，3_<listyrylbenzene (19) (4.5 g, 80%) as colorless 
crystals: mp 168-170°C (lit.79 170-171°C); H^ NMR 6 7.13 (s, 4H), 7.20-7.43 (m， 
9H), 7.53 (d, 4H, / = 7.1 Hz), 7.63 (br.s, IH); ^^ C NMR 5 124.84, 125.76，126.60， 
127.68, 128.69, 128.97, 129.19, 137.45, 137.89; MS m/zlZl (M+，47.3). 
/rans,/rfl/i5-l,4-Distyrylbenzene (21)80 
To a vigorously stirred mixture of ;7-xylyl dibenzyl bissulfone 
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(20)1 的(8.1 g, 20 mmol)，alumina-supported potassium hydroxide (80 g), and t-
butanol (150 mL) in a 250-mL round-bottomed flask equipped with an addition funnel 
and a condenser circulated by ice-cold water, was added dropwise 
dibromodifluoromethane (42 g, 200 mmol) over 30 min while the internal temperature 
was maintained at 25-35°C by cooling with an ice bath. After completion of addition, 
the mixture was stirred at room temperature for an additional 6 h, after which the solid 
catalyst was removed by suction filtration through a pad of celite and washed 
thoroughly with dichloromethane (3 x 100 mL). The combined filtrate was washed 
with water (3 ^ 100 mL) and brine (50 mL) to remove the r-butanol, dried over 
anhydrous magnesium sulfate, and evaporated by a rotavapor to give the crude solid, 
which was further purified by flash column chromatography over silica gel (120 g) 
with hexanes and dichloromethane (3 : 1) as eluent to gave pure tram, trans-1,4-
distyrylbenzene (21) (3.7 g, 66%) as yellow powder: mp 262-265�C (Ut.268-
268»5oc80� or259-260oc80(b)); i R N M R 6 7.12 (s, 4H)，7.25 (tt, 2H, J= 7.0 Hz, 
1.4 Hz) , 7 .35 (td，4H，/= 7.0 H z , 1.6 Hz) , 7.50 (s, 4H), 7.52 (tt, 4H, J = 7.0 Hz, 
1.4 Hz); 13c NMR 5 126.58, 126.90, 127.66, 128.46, 128.73, 136.90，137.54; MS 
m/z2S2 (M+，41.8). 
trans,trans,tranS'l,3,5-JristyTy\henzene (23)81 
To a vigorously stirred mixture of mesitylyl tribenzyl trissulfone (22)109 (6.0 
g, 10 mmol), alumina-supported potassium hydroxide (50 g), and r-butanol (100 mL) 
in a 250-mL round-bottomed flask equipped with an addition funnel and a condenser 
circulated by ice-cold water, was added dropwise dibromodifluoromethane (21 g, 100 
mmol) over 30 min while the internal temperature was maintained at 25-35®C by 
cooling with an ice bath. After completion of addition, the mixture was stirred at room 
temperature for an additional 6 h, after which the solid catalyst was removed by suction 
filtration through a pad of celite and washed thoroughly with dichloromethane (3 乂 80 
mL). The combined filtrate was washed with water (3 x 100 mL) and brine (50 mL) to 
remove the r-butanol, dried over anhydrous magnesium sulfate, and evaporated by a 
rotavapor to give the crude solid, which was further purified by flash column 
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chromatography over silica gel (100 g) with hexanes and dichloromethane (3 : 1) as 
eluent to gave pure trans，trans, mz7w-l，3，5-tristyrylbenzene (23) (2.7 g, 70%) as 
colorless crystals: mp 205-7�C (liO^^ 203-3.5�C); H^ NMR 5 7.11 (AB q, 6H, J = 
16.4 Hz), 7.26 (tt, 3H, 7=7.2 Hz, 1.2 Hz), 7.37 (t, 6H, J= 7.3 Hz), 7.51 (s, 3H), 
7.53 (dd，6H，J= 7.2 Hz, 1.2 Hz); ^^c NMR 6 124.02，126.64, 127.74, 128.49, 
128.73，129.39, 137.36, 138.15; MS m/z 384 (M+，25.8). 
rra/is,rrans,/ra/is-l,3,5-Tri(4'-methoxystyryI)benzene (25)81 
To a vigorously stirred mixture of mesitylyl tri(4'-methoxybenzyl) trissulfone 
(24)109 (2.0 g, 3.0 mmol), alumina-supported potassium hydroxide (15 g)，and t-
butanol (30 mL) in a 100-mL round-bottomed flask equipped with an addition funnel 
and a condenser circulated by ice-cold water, was added dropwise 
dibromodifluoromethane (7 g, 33 mmol) over 30 min while the internal temperature 
was maintained at 25-35°C by cooling with an ice bath. After completion of addition, 
the mixture was stirred at room temperature for an additional 6 h, after which the solid 
catalyst was removed by suction filtration through a pad of celite and washed 
thoroughly with dichloromethane (3 x 30 mL). The combined filtrate was washed with 
water (3 x 40 mL) and brine (20 mL) to remove the r-butanol, dried over anhydrous 
magnesium sulfate, and evaporated by a rotavapor to give the crude solid, which was 
further purified by flash column chromatography over silica gel (40 g) with hexanes 
and dichloromethane (1 : 1) as eluent to gave pure trans, trans, mz7W-l，3»5_tri(4，-
methoxystyryl)benzene (25) (0.76 g, 70%) as colorless crystals: mp >270®C (lit.iu 
>350°C); iH NMR 6 3.84 (s, 9H), 6.92 (dd, 6H, J= 7.0 Hz, 1.8 Hz), 7.07 (AB q， 
6H，/= 16.3 Hz), 7.49 (dd, 6H, / = 7.0 Hz, 1.8 Hz); ^ c^ NMR 6 55.38, 114.35, 
123.28, 126.67, 127.84，128.82，130.37，138.46，159.60; MS /n/z474 (M+，11.2). 
trans,trans^rans.tranS'hl.^.S'TrisiyryXhmztnt (27)82 
To a vigorously stirred mixture of tetrakissulfone (26)1 的 ( 1 . 0 g, 1.3 mmol), 
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alumina-supported potassium hydroxide (7.0 g), and r-butanol (20 mL) in a 50-mL 
round-bottomed flask equipped with an addition funnel and a condenser circulated by 
ice-cold water, was added dropwise dibromodifluoromethane (4.0 g, 19 mmol) over 30 
min while the internal temperature was maintained at 25-35°C by cooling with an ice 
bath. After completion of addition, the mixture was stirred at room temperature for an 
additional 6 h，after which the solid catalyst was removed by suction filtration through a 
pad of celite and washed thoroughly with dichlaromethane (3 x 20 mL). The combined 
filtrate was washed with water (3 x 40 mL) and brine (20 mL) to remove the t-
butanol, dried over anhydrous magnesium sulfate, and evaporated by a rotavapor to 
give the crude solid, which was further purified by flash column chromatography over 
silica gel (20 g) with hexanes and dichloromethane (4 :1) as eluent to gave pure trans, 
tram, tram, rra/w-l,2,44-tetrastyrylbeiizene (27) (0.12 g，18%) as pale yellow 
crystals: mp >270^C (Ht^ ^ 273-275°Q; H^ NMR 6 3.84 (s, 9H), 6.92 (dd，6H, J = 
7.0 Hz, 1.8 Hz), 7.07 (AB q, 6H，/=： 16.3 Hz), 7.49 (dd, 6H, 7 = 7 . 0 Hz, 1.8 Hz); 
13c NMR 5 123.88, 126.68, 128.04，128.86，130.88，137.89，138.46; MS m/z 486 
(M+，18.1). 
/ran^-l-Phenyl-l-hexene (29)112 
To a vigorously stirred mixture of hexyl benzyl sulfone (28)113 (12.0 g, 50 
mmol), alumina-supported potassium hydroxide (100 g), and r-butanol (200 mL) in a 
500-mL round-bottomed flask equipped with an addition funnel and a condenser 
circulated by ice-cold water, was added dropwise dibromodifluoromethane (45 g, 210 
mmol) over 30 min while the internal temperature was maintained at 25-35®C by 
cooling with an ice bath. After completion of addition, the mixture was stirred at room 
temperature for an additional 6 h, after which the solid catalyst was removed by suction 
filtration through a pad of celite and washed thoroughly with hexanes (3 x 150 mL). 
The combined filtrate was washed with water (3 x 200 mL) and brine (50 mL) to 
remove the r-butanol, dried over anhydrous magnesium sulfate, and evaporated by a 
rotavapor to give the crude alkene, which was further purifide by flash column 
chromatography over silica gel (200 g) using hexanes as eluent to give mz/iy-l-phenyl-
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1-hexene (29) (8.0 g, 92%) as a colorless oil; H^ NMR 6 0.92 (t，3H, J= 6.9 Hz), 
1.32-1.46 (m，4H), 2.20 (q, 2H, J= 6.9 Hz), 6.21 (dt, IH, J= 16.0 Hz, 6.6 Hz), 
6.37 (d, IH，J = 16.0 Hz), 7.15-7.35 (m，5H); ^^c NMR 6 13.88，22.27, 31.59， 
32.69，125.96, 126.73，128.44，129.86, 131.15，138.10; MS m/z 174 (M+，36.5). 
/ra/is-l,3-DiphenyIpropene (31) 1 
To a vigorously stirred mixture of hexyl benzyl sulfone (30)115 (13 0 g，50 
mmol)，alumina-supported potassium hydroxide (100 g), and r-butanol (200 mL) in a 
500-inL round-bottomed flask equipped with an addition funnel and a condenser 
circulated by ice-cold water, was added dropwise dibromodifluoromethane (45 g, 210 
mmol) over 30 min while the internal temperature was maintained at 25-35°C by 
cooling with an ice bath. After completion of addition, the mixture was stirred at room 
temperature for an additional 6 h，after which the solid catalyst was removed by suction 
filtration through a pad of celite and washed thoroughly with hexanes (3 x 150 mL). 
The combined filtrate was washed with water (3 x 200 mL) and brine (50 mL) to 
remove the r-butanol, dried over anhydrous magnesium sulfate, and evaporated by a 
rotavapor to give the crude alkene, which was further purifide by flash column 
chromatography over silica gel (200 g) using hexanes as eluent to give trans-X^-
diphenylpropene (31) (8.6 g, 89%) as a colorless oil; H^ NMR 6 3.53 (d, 2H, / = 6.1 
Hz), 634 (dt, IH, J= 15.9 Hz, 6.1 Hz), 6.45 (d, IH, J= 15.9 Hz), 7.16-7.37 (m, 
lOH); 13c NMR 5 56.95，103.17，103.66，104.41，104.50, 104.82, 105.85, 109.27, 
110.65; MS m/z 194 (M+，42.9). 
[12]Metacyclophane-l,l 1-diene (8) and [12]Metacyclophane (9) 
To a vigorously stirred mixture of 2,13-dithia-2,2,13,13-tetroxo[14]meta-
cyclophane (7) (13.0 g, 35 mmol), alumina-supported potassium hydroxide (200 g), 
and r-butanol (400 mL) in a 1-L round-bottomed flask equipped with an addition funnel 
and a condenser circulated by ice-cold water, was added dropwise 
71 
dibromodifluoromethane (92 g, 420 mmol) over 30 min while the internal temperature 
was maintained at 25-35°C by cooling with an ice bath. After completion of addition, 
the mixture was stirred at room temperature for an additional 6 h, after which the solid 
catalyst was removed by suction filtration through a pad of celite and washed 
thoroughly with hexanes (5 x 200 mL). The combined filtrate was washed with water 
(5 X 400 mL) and brine (100 mL) to remove the r-butanol, dried over anhydrous 
magnesium sulfate, and evaporated by a rotavapor to give a crude product. This 
material was chromatographed over a short silica gel column (100 g) with hexanes to 
give a colorless viscous oil, which was subjected to a hydrogenation in ethyl acetate 
(100 mL) over 5% palladium on charcoal (0.5 g) under 45 psi at room temperature over 
night After removal of catalyst by filtration, the filtrate was evaporated and 
chromatographed ove silica gel (100 g) using hexanes as eluent to give 
[12]metacyclophane (9) (8.1 g, 97%) as a colorless oil: H^ NMR 6 1.10-1.25 (m, 
16H), 1.63 (m，4H), 2.62 (t, 4H, J= 6.0 Hz), 6.97 (d, 2H, J= 7.6 Hz), 7.01 (s, 
IH)，7.18 (t, IH, 7=7.6 Hz); ^^CNMR 6 18.77，26.45, 26.64, 27.36, 27.47, 28.87， 
29.77, 31.73，130.92, 132.23, 133.14, 137.41; MS m/z 244 (M+，15.7). Anal. 
Calcd. for C18H28： C, 88.45，H, 11.55. Found: C, 88.34, H,11.50. 
A careful chromatography (close monitoring by thin layer chromatography) of 
the intermediate [12]metacyclophane-l,l 1-diene (8) (1 g) over silica gel (80 g) eluted 
with hexanes gave two fractions, a.y,dj-[12]metacyclopha-1,11-diene (8): H^ NMR 6 
1.18-1.30 (m，4H), 1.30-1.55 (m, 8H), 2.28 (ddd，4H, 7=15.3 Hz, 7.7 Hz, 1.4 Hz), 
5.67 (dt, 2H, J = 11.7 Hz, 7.7 Hz); 6.45 (d，2H, / = 11.7 Hz); 7.00 (dd, 2 H 7 = 
7.7Hz, 1.6 Hz), 7.28 (t, IH, J二 7.7 Hz), 7.48 (br. s, IH), and a mixture of cis,tram-
[12]metacyclophane-l,l 1-diene (8): H^ NMR 6 1.40-1.50 (m, 8H), 1.50-1.70 (m， 
4H)，2.20-2.34 (m，4H), 5.83 (dt, IH, J= 11.5 Hz, 8.7 Hz), 6.18 (dt, IH, J= 15.6 
Hz, 7.3 Hz), 6.46 (d，IH, J= 11.5 Hz), 6.60 (d，IH, J= 15.6 Hz), 7.04 (dt, 2H J= 
7.4Hz, 1.6 Hz), 7.24 (t, IH, J = 7.4 Hz), 7.56 (br. s, IH); and tram,tram -
[12]metacyclophane-l,ll-ciiene (8): H^ NMR 6 1.40-1.50 (m, 8H), 1.50-1.70 (m, 
4H), 2.20-2.34 (m，4H), 6.18 (dt, IH, / = 15.6 Hz, 7.3 Hz), 6.60 (d, IH, J= 15.6 
72 
Hz)，7.08 (dd, J= 8.6 Hz, 1.8 Hz), 7.28 (t, IH, J= 8.6 Hz), 7.52 (br. s, IH). The 
ratio of three isomers as determined by NMR signal integration of the crude mixture 
was: 8 :23 : 69 for cis, cis : cis, trans : tram, trans, 
cis, m-[8]Metacyclophane-l ,7-diene (33) 
To a vigorously stirred mixture of 2,9-dithia-2,2,9,9-tetroxo[10]meta-
cyclophane (32)5 (lO.O g, 32 mmol), alumina-supported potassium hydroxide (200 g)， 
and /-butanol (400 mL) in a 1-L round-bottomed flask equipped with an addition funnel 
and a condenser circulated by ice-cold water, was added dropwise 
dibromodifluoromethane (92 g, 420 mmol) over 30 min while the internal temperature 
was maintained at 25-35�C by cooling with an ice bath. After completion of addition, 
the mixture was stirred at room temperature for an additional 6 h, after which the solid 
catalyst was removed by suction filtration through a pad of celite and washed 
thoroughly with hexanes (5 x 200 mL). The combined filtrate was washed with water 
(5 X 400 mL) and brine (100 mL) to remove the r-butanol, dried over anhydrous 
magnesium sulfate, and evaporated by a rotavapor to give a crude product, which was 
chromatographed over silica gel (100 g) with hexanes as eluent to give pure 
[8]metacyclophane-1,7-ciiene (33) (4.7 g，80%) as a colorless oil: H^ NMR 6 1.80 (m， 
4H), 2.17 (br. s, 4H), 5.88 (dt, 2H, J= 10.6 Hz, 8.5 Hz), 6.75 (d, 2H, J= 10.6 Hz), 
7.04 (dd, 2H, J= 7.6 Hz, 1.7 Hz), 7.27 (t, IH, J= 7.6 Hz), 7.70 (s, IH); MS m/z 
184 (M+，7.3), Because of slow decomposition at room temperature, a microanalysis 
of this compound could not carried out but it was further identified by its hydrogenation 
product [8]metacyciophane^^: ^H NMR 6 0.65 (m，4H), 1.26 (m，4H), 1.50 (m，4H), 
2.61 (t, 4H, 7 = 6.1 Hz), 6.94 (dd, 2H, J = 7.4 Hz, 1.4 Hz), 7.22 (t，IH, J = 7.4 
Hz), 7.26 (s, IH); 13c NMR 6 23.83, 26.39，30.19，35.99, 125.62, 129.22, 130.47， 
142.33; MS m/z 188 (M+，19.2). Anal. Calcd. for C14H20： C, 89.29; H, 10.71. 
Found: C, 89.37 H，10.54. 
2，-Methoxy[12]metacycIophane-l，ll-diene (35) 
To a vigorously stirred mixture of 2‘-methoxy-2,13-dithia-2,2,13,13-
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tetroxo[14]metacyclophane (34) (8.0 g, 20 mmol), alumina-supported potassium 
hydroxide (120 g), and r-butanol (250 mL) in a 500-L round-bottomed flask equipped 
with an addition funnel and a condenser circulated by ice-cold water, was added 
dropwise dibromodifluoromethane (51 g, 240 mmol) over 30 min while the internal 
temperature was maintained at 25-35°C by cooling with an ice bath. After completion 
of addition, the mixture was stirred at room temperature for an additional 6 h, after 
which the solid catalyst was removed by suction filtration through a pad of celite and 
washed thoroughly with dichloromethane (3 x 100 mL). The combined filtrate was 
washed with water (3 x 150 mL) and brine (50 mL) to remove the /-butanol, dried over 
anhydrous magnesium sulfate, and evaporated by a rotavapor to give a crude product, 
which was chromatogmphed over silica gel (100 g) with hexanes and dichloromethane 
(9 : 1) as eluent to give 2 '-methoxy[ 12] metacyclophane-1,11 -diene (35) as a viscous 
oil. This product was identified by its corresponding cyclophane. After hydrogenation 
of compound (35) over 5% Pd/C under one atmospheric pressure in ethyl acetate (100 
mL) for 4 h and upon removal of the catalyst by suction filtration and solvent 
evaporation of the filtrate by a rotavapor, the resulting residue was chromatographed 
over silica gel (100 g) using hexane and dichloromethane (9 : 1) as eluent to give 2，-
methoxy-[12]metacyclophane as a colorless solid: mp 56-58�C; H^ NMR 6 1.13-1.35 
(m，16H), 1.63 (m，4H), 2.57 (m, 2H), 2.64 (m, 2H), 3.79 (s, 3H), 6.75 (d, IH, J= 
7.9 Hz), 6.93 (dd, IH, J =7.9 Hz, 2.2 Hz), 6.95 (d，IH, 7 = 2 . 2 Hz); ^^C NMR 6 
25.87, 26.11，26.43，27.08, 27.32, 27.54，28.39，29.21，30.18, 34.10，55.50， 
110.58，127.02, 130.25，130.99，133.90，155.86; MS m/z 274 (M+，31.9). Anal. 
Calcd. for C19H30O: C, 83.15; H, 11.02. Found: C，82.97 H,11.38. 
2-Methyl-l-phenylpropene (37) n6 
To a vigorously stirred mixture of 2-propyl benzyl sulfone (36)^3 (lO.O g, 50 
mmol), alumina-supported potassium hydroxide (100 g), and /-butanol (200 mL) in a 
500-mL round-bottomed flask equipped with an addition funnel and a condenser 
circulated by ice-cold water, was added dropwise dibromodifluoromethane (45 g, 210 
mmol) over 30 min while the interaal temperature was maintained at 25-35°C by 
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cooling with an ice bath. After completion of addition, the mixture was stirred at room 
temperature for an additional 6 h, after which the solid catalyst was removed by suction 
filtration through a pad of celite and washed thoroughly with hexanes (3 x 100 mL). 
The combined filtrate was washed with water (3 x 200 mL) and brine (50 mL) to 
remove the r-butanol, dried over anhydrous magnesium sulfate, and evaporated by a 
rotavapor to give a crude alkene, which was further purified by flash column 
chromatography over silica gel (200 g) using hexanes as eluent to give 2-methyl-l-
phenylpropene(37) (6.0 g, 90%) as a colorless oil: H^ NMR 6 1.86 (d, 3H, J= 1.3 
Hz), 1.90 (d，3H，J= 1.4 Hz), 6.27 (br s，IH), 7.15-7.32 (m, 5H); ^^ C NMR 6 
19.33，26.77, 125.26, 125.79, 128.02，128.76, 129.40，135.34; MS m/z 132 (M+， 
57.1). 
General Procedure of the Conversion of the Dialkyl a, a'-Hydrogen-
containing Sulfones into Alkenes 
To a vigorously stirred mixture, pre-heated at 80�C，of the sulfone (50 mmol), 
alumina-supported potassium hydroxide (100 g), and r-butanol (200 mL) in a 500-L 
round-bottomed flask equipped with an addition funnel and a condenser circulated with 
ice-cold water, was added dibromodifluoromethane (45 g, 210 mmol) dropwise over 
30 min. After completion of addition, the mixture was further stirred for 6 h at 80°C. 
Upon cooling to room temperature, the solid catalyst was removed by suction filtration 
through a pad of celite and washed thoroughly with hexanes or pentanes. The 
combined filtrate was washed with water and brine to remove the r-butanol, dried over 
anhydrous magnesium sulfate, and evaporated by a rotavapor to give the crude alkene 
which was further purified by bulb to bulb distillation or flash column chromatography 
over silica gel. 
8-Heptadecene (39)117 
To a vigorously stirred mixture, pre-heated at SO'^ C, of novyl octyl sulfone 
(38)118 (15 2 g，50 mmol), alumina-supported potassium hydroxide (100 g), and t-
butanol (200 mL) in a 500-L round-bottomed flask equipped with an addition funnel 
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and a condenser circulated with ice-cold water, was added dibromodifluoromethane 
(45 g, 210 mmol) dropwise over 30 min. After completion of addition, the mixture 
was further stirred for 6 h at 80®C. Upon cooling to room temperature, the solid 
catalyst was removed by suction filtration through a pad of celite and washed 
thoroughly with hexanes (4 x 120 mL). The combined filtrate was washed with water 
(4 X 250 mL) and brine (80 mL) to remove the /-butanol, dried over anhydrous 
magnesium sulfate, and evaporated by a rotavapor to give the crude alkene which was 
further purified by flash column chromatography over silica gel (300 g) using hexanes 
as eluent to afford a mixture of S-heptadecene (39) (9.5 g, 80%) as a colorless oil: 
iH N M R 5 0.88 (t, 6H，J= 6.6 Hz), 1.27 (br s, 22H), 1.98 (m, 4H), 5.35 (m, 2H); 
13c NMR 5 14.04，22.72, 27.30, 29.26，29.37, 29.42, 29.68, 29.77, 29.86, 32.00, 
32.66, 130.41; MS m/z 238 (M+，41.1) and its vinyl bromide 40 (1.9 g, 12%). 
S-Hexadecene (42)119 
To a vigorously stirred mixture, pre-heated at 80°C, of dioctyl sulfone (41) u 8 
(14.5 g, 47.8 mmol), alumina-supported potassium hydroxide (100 g)，and r-butanol 
(200 mL) in a 500-L round-bottomed flask equipped with an addition funnel and a 
condenser circulated with ice-cold water, was added dibromodifluoromethane (45 g, 
210 mmol) dropwise over 30 minutes. After completion of addition, the mixture was 
further stirred for 6 hat 80°C, Upon cooling to room temperature, the solid catalyst 
was removed by suction filtration through a pad of celite and washed thoroughly with 
hexanes (4 x 120 mL). The combined filtrate was washed with water (4 x 250 mL) and 
brine (80 mL) to remove the r-butanol, dried over anhydrous magnesium sulfate, and 
evaporated by a rotavapor to give the crude alkene which was further purified by flash 
column chromatography over silica gel (300 g) using hexanes as eluent to afford a 
mixture of cis- and tram- 8-hexadecene (42) (8.0 g, 75%) as colorless oil: H^ NMR 6 
0.88 (t，6H, J = 6.5 Hz), 1.27 (br s, 20H), 2.00 (m，4H), 5.37 (m, 2H); ^^c N M R 6 
14.00，22.65, 29.21, 29.30，29.71，29.81，31.89，129.93; MS m/z 224 (M+, 36.7) 
andcw-and/ra/w- 8-bromo-8-hexadecenes (43) (2.2 g, 15%). 
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5-Decene (45)120 
To a vigorously stirred mixture, pre-heated at 80^C, of dipentyl sulfone (44) ^ ^ 8 
(10.3 g, 50 mmol), alumina-supported potassium hydroxide (100 g), and /-butanol 
(200 mL) in a 500-L round-bottomed flask equipped with an addition funnel and a 
condenser circulated with ice-cold water, was added dibromodifluoromethane (45 g, 
210 mmol) dropwise over 30 min. After completion of addition, the mixture was 
further stirred for 6 hat 80°C. Upon cooling to room temperature, the solid catalyst 
was removed by suction filtration through a pad of celite and washed thoroughly with 
pentane (4 x 120 mL). The combined filtrate was washed with water (4 x 250 mL) and 
brine (80 mL) to remove the r-butanol, dried over anhydrous magnesium sulfate, and 
evaporated by a rotavapor to give the crude alkene which was further purified by flash 
column chromatography over silica gel (200 g) using hexanes as eluent to afford a 
mixture of cis- and trans-S-docmQ (45) (4.9 g, 70%) as a colorless oil: H^ NMR 6 
0.91 (m，6H), 1.32 (m，8H), 2.00 (m, 4H), 5.37 (m, 2H); l^CNMRS 13.88, 22.22, 
22.36, 26.96，31.95，32.06, 129.90, 130.37; MS m/z 224 (M+，36.7) and cis- and 
rra/z5-5-bromo-5-decene (46) (1.7 g, 16%). 
2-MethyI-3-nondecene (48)121 
To a vigorously stirred mixture, pre-heated at 80°C, of 2-methyl-l-propyl octyl 
sulfone (47)122 (11.7 g，50 mmol), alumina-supported potassium hydroxide (100 g), 
and r-butanol (200 mL) in a 500-L round-bottomed flask equipped with an addition 
funnel and a condenser circulated with ice-cold water, was added 
dibromodifluoromethane (45 g, 210 mmol) dropwise over 30 min. After completion of 
addition，the mixture was further stirred for 6 h at 80®C. Upon cooling to room 
temperature, the solid catalyst was removed by suction filtration through a pad of celite 
and washed thoroughly with hexanes (4 ^ 120 mL). The combined filtrate was washed 
with water (4 x 250 mL) and brine (80 mL) to remove the r-butanol, dried over 
anhydrous magnesium sulfate, and evaporated by a rotavapor to give the crude alkene 
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which was further purified by flash column chromatography over silica gel (300 g) 
using hexanes as eluent to afford a mixture of 2-methyl-3-nondecene (48) (6.4 g, 76%) 
as a colorless oil: H^ NMR 6 0.88 (t, 3H, 7 = 6.6 Hz), 0.98 (d, 6H, 7 = 6.5 Hz), 1.27 
(m，lOH), 1.96 (m，2H), 2.20 (m, IH), 5.35 (m, 2H); ^^ C NMR 6 14.02. 22.71. 
29.19. 29.74. 31.00. 31.90. 32.54. 127.32. 137.57; MS m/z 168 (M+，39.1) and its 
vinyl bromide (49) (1.5 g, 12%). 
l-PhenyI-2-octene (51) ^^ ^ 
To a vigorously stirred mixture, pre-heated at 80°C, of 2-phenylethyl 
hexyl sulfone (50)122 (12.7 g, 50 mmol), alumina-supported potassium hydroxide 
(100 g)，and r-butanol (200 mL) in a 500-L round-bottomed flask equipped with an 
addition funnel and a condenser circulated with ice-cold water, was added 
dibromodifluoromethane (45 g, 210 mmol) dropwise over 30 minutes. After 
completion of addition, the mixture was further stirred for 6 hat 80�C. Upon cooling 
to room temperature, the solid catalyst was removed by suction filtration through a pad 
of celite and washed thoroughly with hexanes (4 x 120 mL). The combined filtrate was 
washed with water (4 x 250 mL) and brine (80 mL) to remove the r-butanol, dried over 
anhydrous magnesium sulfate, and evaporated by a rotavapor to give the crude alkene 
which was further purified by flash column chromatography over silica gel (250 g) 
using hexanes as eluent to afford two fractions. The less polar fraction, a colorless oil, 
contained a stereomeric mixture (7.2 g, 76%) of trans- l-phenyl-2-octene (51): H^ 
NMR 6 0.88 (m, 3H), 1.21-1.43 (m，6H), 2.01 (m, 2H), 3.31 (d, 2H, J= 5.2 Hz), 
5.52 (m, 2H), 7.12-7.29 (m，5H); l^c NMR 6 13.98, 22.51, 29.19, 31.44，32.47， 
39.08，125.82, 128.32, 128.76，132.14, 141.18，and d5-l-phenyl-2-octene (51): H^ 
NMR 6 0.88 (m，3H)，1.21-1.43 (m, 6H), 2.13 (m，2H), 3.38 (d, 2H, J = 5.9 Hz), 
5.52 (m, 2H), 7.12-7.29 (m，5H); l^c NMR 6 13.98，27.25, 29.37, 31.56，33.56, 
39.08，125.82, 128.03, 128.47, 131.02，141.33; MS m/z 188 (M+，42.2). The more 
polar fraction, a clear oil, was 2-bromo-1 -pheny 1-2-octene (52) (2.2 g, 15%): H^ 
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_ 5 0.89 (t，3H，J= 6.7 Hz), 1.25-1.46 (m, 6H), 2.17 (q, 2H, J= 7.1 Hz), 3.73 
(s，2H), 5 .71 (t, I H , J = 7.1 Hz), 7 .15-7 .36 (m, 5H); L^C N M R 6 13.95，22.45， 
28.13，31.40，47.83, 126.29, 126.71，128.40，130.61，138.12; MS m/z 266 (M+， 
42.2), 268 (M++2，38.6). 
Cycloocta-l,5-diene (54)124 
To a vigorously stirred mixture, pre-heated at 80°C, of l，6-dithia-l，l，6，6-
tetroxo-cyclodecane (53)!的(5 .0 g, 21 mmol), alumina-supported potassium 
hydroxide (80 g)，and r-butanol (160 mL) in a 500-L round-bottomed flask equipped 
with an addition funnel and a condenser circulated with ice-cold water, was added 
dibromodifluoromethane (36 g, 168 mmol) dropwise over 30 min. After completion of 
addition, the mixture was further stirred for 6 h at SO°C. Upon cooling to room 
temperature, the solid catalyst was removed by suction filtration through a pad of celite 
and washed thoroughly with hexanes (4 x 50 mL). The combined filtrate was washed 
with water (4 x 100 mL) and brine (50 mL) to remove the r-butanol, dried over 
anhydrous magnesium sulfate, and evaporated by a rotavapor to give the crude alkene 
which was further purified by flash column chromatography over silica gel (40 g) using 
hexanes as eluent to afford cycloocta-l,5-diene (54) (0.7 g,31%) as a colorless oil: H^ 
NMR 5 2.05-2.18 (m，8H), 5.40 (m，4H); MS m/z 108 (M+，18.2). 
3,4-Dimethyl-3-hexene (56)^^5 
To a vigorously stirred mixture, pre-heated at 80®C, of di(2-butyl) sulfone 
(55)118 (9 0 g，50,4 mmol), alumina-supported potassium hydroxide (100 g), and t-
butanol (200 mL) in a 500-L round-bottomed flask equipped with an addition funnel 
and a condenser circulated with ice-cold water, was added dibromodifluoromethane 
(45 g, 210 mmol) dropwise over 30 min. After completion of addition, the mixture 
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was further stirred for 6 h at SO^C. Upon cooling to room temperature, the solid 
catalyst was removed by suction filtration through a pad of celite and washed 
thoroughly with pentane (4 x 120 mL). The combined filtrate was washed with water 
(4 X 250 mL) and brine (80 mL) to remove the r-butanol, dried over anhydrous 
magnesium sulfate, and evaporated by a rotavapor to give the crude alkene which was 
further purified by flash column chromatography over silica gel (180 g) using hexanes 
as eluent to afford a stereoisomeric mixture of 3,4-dimethylhexene (56) (4.9 g, 86%) 
as a colorless liquid: MS m/z 112 (M+，51.3), in which one component was present in 
a slightly larger amount {ca 55%): H^ NMR 5 0.95 (t, 6H, J= 7.5 Hz), 1.63 (s, 6H), 
2.01 (q, 4H, J = 7.5 Hz); ^^C NMR 5 13.20, 17.75，26.95, 129.15, and another was 
present in a slightly less amount (oa 45%): H^ NMR 6 0.92 (t, 6H, J= 7.5 Hz), 1.62 
(s，6H), 2.03 (q，4H, J= 7.5 Hz); I3c NMR 6 12.49, 17.10, 27.51, 128.07. 
Bicyclopentylidene ( 5 8 ) � 
To a vigorously stirred mixture, pre-heated at 80�C，of dicyclopentylsulfone 
(57)13 (10.0 g, 49.4 mmol), alumina-supported potassium hydroxide (100 g), and t-
butanol (200 mL) in a 500-L round-bottomed flask equipped with an addition funnel 
and a condenser circulated with ice-cold water, was added dibromodifluoromethane 
(45 g, 210 mmol) dropwise over 30 min. After completion of addition, the mixture 
was further stirred for 6 h at 80°C. Upon cooling to room temperature, the solid 
catalyst was removed by suction filtration through a pad of celite and washed 
thoroughly with pentane (4 x 120 mL). The combined filtrate was washed with water 
(4 X 250 mL) and brine (80 mL) to remove the r-butanol, dried over anhydrous 
magnesium sulfate, and evaporated by a rotavapor to give the crude alkene which was 
further purified by flash column chromatography over silica gel (180 g) using hexanes 
as eluent to afford bicyclopentylidene (58) (6.1 g, 90%) as a colorless liquid: H^ NMR 




To a vigorously stirred mixture, pre-heated at 80�C，of cyclohexyloctylsulfone 
(59)128 (6.5 g，25 mmol), alumina-supported potassium hydroxide (50 g), and t-
butanol (100 mL) in a 250-mL round-bottomed flask equipped with an addition funnel 
and a condenser circulated with ice-cold water, was added dibromodifluoromethane (25 
g，117 mmol) dropwise over 30 min. After completion of addition, the mixture was 
further stirred for 6 hat 80°C. Upon cooling to room temperature, the solid catalyst 
was removed by suction filtration through a pad of celite and washed thoroughly with 
pentane (3 ^60 mL). The combined filtrate was washed with water (3 x 100 mL) and 
brine (30 mL) to remove the r-butanol, dried over anhydrous magnesium sulfate, and 
evaporated by a rotavapor to give the crude alkene which was further purified by flash 
column chromatography over silica gel (180 g) using hexanes as eluent to afford 
heptylcyclohexylidene (60) (4.0 g, 82%) as a colorless liquid: H^ NMR 6 0.88 (t, 3H, 
/= 6.5 Hz), 1.27 (br s, lOH)，1.52 (br s, 6H), 1.95 (m, 2H), 2.10 (m, 4H), 5.06 
(t, IH, 7 = 7 . 2 Hz); 13c NMR 6 14.03，22.67, 27.09, 27.92，28.79, 29.26, 30.25, 
31.92，37.27, 121.60, 139.43; MS m/z 194 (M+，49.1). 
Treatment of Cinnamyl Benzyl Sulfone (62) with KOH/AI2O3小BuOH-
CBr2F2. 
To a vigorously stirred mixture of cinnamyl benzyl sulfone (62) (7.0 g, 25.7 
mmol), "r-butanol-retamed" alumina-supported potassium hydroxide (50 g), and t-
butanol (100 mL) in a 500-mL round-bottomed flask equipped with an addition funnel 
and a condenser circulated by ice-cold water, was added dropwise 
dibromodifluoromethane (21 g, 100 mmol) over 30 min while the internal temperature 
was maintained at 25-35°C by cooling with an ice bath. After completion of addition, 
the mixture was stirred at room temperature for an additional 6 h, after which the solid 
catalyst was removed by suction filtration through a pad of celite and washed 
thoroughly with dichloromethane (3 ^ 80 mL). The combined filtrate was washed with 
water (3 x 100 mL) and brine (30 mL) to remove the r-butanol, dried over anhydrous 
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magnesium sulfate, and evaporated by a rotavapor to give the crude solid, which was 
further purified by flash column chromatography over silica gel (100 g) with hexanes 
and dichloromethane (4 : 1) as eluent to give cinnamyl r-butyl ether (64) (3.2 g, 65%) 
as a colorless liquid: H^ NMR 6 1.12 (s, 9H), 3.88 (d，2H, J= 4.5 Hz), 6.03 (dt, IH, 
16.0 Hz, 4.5 Hz), 6.45 (d, IH, J : 16.0 Hz), 6.85-7.15 (m, 5H), and 
cinnamaldehyde (65): H^ NMR 6 6.56 (dd，IH, J = 16.0 Hz, 7.2 Hz), 7.23-7.57 (m， 
6H), 9.61 (d，IH, J= 7.2 Hz). 
If the "methanol-retained" alumina-supported potassium hydroxide was used 
for this reaction, the formation of 64 was accompanied by a considerable amount of 
cinnamyl methyl ether. 
l,3-Bis(mercaptomethyI)benzene 
A mixture of thiourea (127 g, 1.67 mol), 1,3-bisbromomethylbenzene (200 g, 
0.76 mol), and 95% ethanol (200 mL) in a 1-L round-bottomed flask was heated under 
reflux for 6 h, and the resulting isothiouronium bromide on cooling was collected by 
suction filtration. Upon treatment of this solid with 10 N sodium hydroxide (250 mL) 
by refluxing under nitrogen, acidification of the cool reaction mixture with concentrated 
hydrochloric acid (10 mL), extraction with diethyl ether (3 x lOO mL), drying of the 
combined extracts over anhydrous magnesium sulfate, and removal of ether by 
rotavapor, distillation of the residue under reduced pressure gave l,3-bis(mercapto-
methyl)benzene (117 g, 90%) as a colorless liquid: bp 116®C (0.3 mmHg); H^ NMR 6 
1.76 (t, 2H, J= 7.6 Hz), 3.65 (d，4H, J= 7.6 Hz), 7.12 (t, IH，/ = 2 Hz), 7.15 (d, 
IH, J= 1.5 Hz), 7.20 (m, 2H); ^ c^ NMR 6 28.49, 126.42, 127.42, 128.64, 141.19; 
MS m/z 170 (M+，11.3). 
243-Dithia[14]metacyclophane (68) 
To a vigorously stirred solution of 85% potassium hydroxide pellets (7.5 g) in 
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95% ethanol (1200 mL) at room temperature was added very slowly a solution of 1,10-
dibromodecane (9.0 g, 0.03 mol) and l,3-bis(mercaptomethyl)benzene (5.1 g, 0.03 
mol) in benzene (500 mL) over a period of about 24 h. Upon completion of addition, 
the reaction mixture was allowed to be stirred for an additional 12 h. After removal of 
most of solvent by a rotavapor, the resulting suspension was filtrated with suction 
through a layer of alumina. The cake was washed with dichloromethane (3 x 60 mL)， 
and the combined filtrate was evaporated by a rotavapor to give a heavy oil. 
Chromatography of the residue on silica gel (250 g) eluted with benzene and hexanes (1 
:3) gave 2,13-dithia[14]metacyclophane (68) (6.36 g, 69%) as white solid: mp 30-
32�C; iH NMR 5 1.23 (m，8H)，1.31 (m, 4H), 1.56 (m, 4H), 2.39 (t, 4H, J = 7.5), 
3.67 (s, 4H), 7.18 (d, IH, J= 1.4 Hz), 7.15-7.26 (m, 3H); ^^C NMR 6 26.30, 
26.95，27.30，28.31, 30.71，36.37, 127.17，128.19, 129.20, 138.98; MS m/z 308 
(M+，13.2). Anal. Calcd. for CigHssS?: C, 70.07; H，9.15. Found: C, 69.78; H， 
9.34. 
2，13-Dithia-2，2，13，13-tetroxo[14]metacyclophane (7) 
A mixture of 2,13-dithia[14]metacyclophane (68) (15.0 g, 0.048 mol), 35% 
aqueous hydrogen peroxide (60 mL, excess) and glacial acetic acid (100 mL) was 
heated under reflux with stirring for 6 h, after which p^iod the resulting mixture was 
poured into ice-water (200 mL). The crude product was collected by suction filtration, 
washed with 2% aqueous sodium hydroxide (100 mL) and water (3 x 50 mL), and 
purified by recrystallization from acetone to give 2,13-dithia-2,2,13,13-
tetroxo[14]metacyclophane (7) (17.1 g, 95%) as colorless prisms: mp 204-206�C; H^ 
NMR 5 1.15 (m, 4H), 1.28 (m，4H), 1.39 (m, 4H), 1.84 (m, 4H), 2.80 (t, 4H, 7=7.7 
Hz), 4.27 (s, 4H), 7.47 (br. s, IH), 7.52 (br.s, 3H); ^^ C NMR 6 20.07，25.49， 
26.28, 26.43, 49.86, 60.49, 129.91，130.87, 132.46; MS m/z 372 (M+，18.1). Anal. 
Calcd. for C18H28O4S2： C, 58.03; H, 7.58. Found: C, 58.21; H, 7.36. 
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Bicydo[12，3，l]octadeca-14，17-diene (69) 
A solution of [12]metacyclophane (9) (5.0 g, 0.02 mol) in r-butanol (2 mL) and 
tetrahydrofuran (50 mL) was placed in a 250-mL two-necked round-bottomed flask 
equipped with a dry-ice condenser and pre-cooled to -40°C with a diy-ice acetone bath, 
into which ammonia (150 mL) was distilled through a potassium hydroxide drying 
tower. After completion of addition of ammonia, lithium wire (0.8 g, 0.12 mol) was 
added in portions, and the resulting blue reaction mixture was stirred at -33°C for 8 h. 
Upon standing overnight to allow the ammonia to evaporate, slow addition of water 
(150 mL) to destroy the excess lithium, extraction of the resulting mixture with hexanes 
(3 X 80 mL), washing the combined extract with brine, drying the organic solution over 
anhydrous magnesium sulfate, concentration by a rotavapor, and chromatography of 
the residue over silica gel with hexanes as eluent gave bicyclo[12,3,l]octadeca-14,17-
diene (69) (4.7 g, 95%) as a colorless oil: H^ NMR 6 1.10-1.25 (m，16H), 1.63 (m, 
4H)，2.62 (t, 4H, J= 6.0 Hz), 6.97 (d，2H, J= 7.6 Hz), 7.01 (s, IH), 7.18 (t, IH, J 
=7.6 Hz); 13c NMR 6 18.77, 26.45, 26.64，27.36, 27.47, 28.87，29.77，31.73， 
130.92，132.23, 133.14，137.41; MS m/z 246 (M+，11.3). Anal. Calcd. for CigHgo: 
C, 87.73; H, 12.27. Found: C, 88.01; H，12.47. 
Cyclopentadecane-l，3-dione (67)84(y) 
To a solution of bicydo[12,3,1 ]octadeca-14,17-diene (69) (1.0 g, 4.1 mmol) 
in dichloromethane (40 mL) and methanol (40 mL) containing 5% Sudan Red in 
methanol (1 mL) was bubbled ozone from a gas inlet tube at -60®C until the red color in 
solution disappeared in about 4 h. The resulting solution was purged with nitrogen for 
10 min to expel any residual ozone that might be present and treated with dimethyl 
sulfide (5 mL, excess). Upon stirring at room temperature overnight, the solution was 
rotary evaporated and the residue was chromatographed over silica gel (20 g) with 
benzene as eluent to give cyclopentadecane-1,3-ciione (67) (0.63 g, 65%) as colorless 
crystals: mp 52-54°C; ^H NMR 6 1.22-1.28 (m, 16H), 1.62 (br. s, 4H), 2.26 (m, 
4H), 5.57 (s, IH), 15.6 (br. s, IH); l^c NMR 6 25.74, 26.42，26.79, 27.01, 27.45, 
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37.98，100.35, 194.70; MS m/z 238 (M+，9.7). 
3-Methoxycyclopentadec-2-enone (70) 
A mixture of cyclopentadecane-l,3-dione (67) (0.5 g, 2.1 mmol), sodium 
carbonate (0.25 g，2.4 mmol) in hexamethylphosphoric triamide (15 mL) and water (5 
mL) was stirred at room temperature for 2 h. The reaction mixture was diluted with 
diethyl ether (100 mL), washed with water (3 x 50 mL) and brine (10 mL), dried over 
anhydrous magnesium sulfate, and rotary evaporated to remove the solvent, 
Chromatography of the residue over silica gel (20 g) by elution with benzene and 
hexanes (4 :1) gave 3-methoxycyclopentadec-2-enone (70) (0.5 g, 95%) as colorless 
oil: 1HNMR6 1.15-1.35 (m，16H), 1.55 (m，2H), 1.66 (m, 2H), 2.40 (m，2H), 2.87 
(t，2H, 7 = 6.6 Hz), 3.65 (s，3H), 5.48 (s，IH); i^c NMR 6 24.83，25.39，25.98, 
26.31，26.53, 26.87, 27.13，30.93，44.14，55.09, 99.56，176.08, 199.91; MS m/z 
252 (M+，12.7). Anal. Calcd. for C, 76.14; H, 11.18. Found: C, 75.94; 
H，11.02. 
3-MethyIcyclopentadec-2-enone (71)84(y) 
To a solution of 3-me±oxycyclopentadeca-2-enone (70) (0.59 g, 2.3 mmol) in 
dry hexamethylphosphoric triamide (15 mL), which was cooled by means of an ice-
water bath, was addeda5% methyllithium ethereal solution (1.7 mL, 2.7 mmol) by a 
syringe. After stirring overnight, the solution was diluted with diethyl ether (200 mL), 
washed with water (3 x 50 mL) and brine (10 mL), dried over anhydrous magnesium 
sulfate, and evaporated by a rotavapor. Chromatography of the residue over silica gel 
(15 g) by elution with benzene and hexanes (1:1) gave 3-methylcyclopetadec-2-enone 
(71) (0.39 g, 72%) as a colorless oil: ^H NMR 6 1.20-1.35 (m, 16H), 1.55-1.70 (m， 
4H)，2.14 (s，3H), 2.18 (m，2H), 2.37 (t，2H，/= 6.6 Hz), 6.15 (s, IH); ^^C N M R 6 
24.83, 25.39，25.98, 26.31, 26.53，26.87, 27.13，30.93，44.14，55.09, 99.56， 
176.08，199.91; MS m/z 236 (M+，17.1). 
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W/)-Muscone (66) 
A solution of 3-methylcyclopentadec-2-enone (71) (0.2 g，0.85 mmol) in 
diethyl ether (20 mL) was hydrogenated over 5% palladium on charcoal (50 mg) under 
one atmospheric pressure for 1 h. Upon removal of catalyst by filtration, evaporation 
of solvent by a rotavapor, and chromatography over silica gel (10 g) using hexanes and 
benzene (4: 1) as eluent gave (6f/)-muscone (66) (0.19 g, 98%) as a colorless oil: H^ 
NMR5 0.94 (d，3H，J= 6.7 Hz), 1.22-1.39 (m，20H), 1.63 (m, 2H), 2.05 (m, IH), 
2.18 (dd，IH, J= 15.0 Hz, 5.13 HZ), 2.37-2.47 (m, 3H); ^^C NMR 6 20.93，22.95, 
25.06，26.29, 26.38, 26.58，26.65, 26.76，27.17，27.57，28.92, 35.58, 41.97， 
50.22，211.09; MS m/z 238 (M+，23.1). The spectral data of the synthetic sample 
were identical with those of an authentic sample obtained from Firmenich HK Ltd. 
3-Oxobutyraldehyde Dimethyl Acetai (83)97 
To a mixture of small pieces of sodium (48 g, 2,1 mol) and dry diethyl 
ether (600 mL) contained in a 3-L three-necked round-bottomed flask equipped with a 
condenser and a dropping funnel, was added a solution of anhydrous acetone (147 mL, 
116.3 g, 2.0 mol) and methyl formate (185 mL, 180.2 g, 3.0 mol) over a period of 1.5 
h at ice-water bath temperature with stirring under nitrogen. After completion of 
addition, absolute methanol (1 L) was added and the resultant mixture was bubbled 
with anhydrous hydrogen chloride at 5-10®C until the pH reached below 1. The dark-
red mixture was stirred overnight and then neutralized to a pH of 6-7 by a solution of 
sodium methoxide in methanol. Upon removal of the sodium chloride by filtration and 
solvent removal by rotary evaporation, the crude product was distilled under reduced 
pressure to give pure 3-oxobutyraldehyde dimethyl acetai (83) (131.5g, 50%) as a 
colorless liquid: bp 60°C (9 mmHg); H^ NMR 6 2.18 (s，3H), 2.74 (d, 2H, J= 5.7 
Hz), 3.36 (s，6H), 4.79 (t, IH, J = 5.7 Hz); ^ c^ NMR 6 30.70, 47.24, 53.57, 
101.52，205.00; MS m/z 132 (M+，14.9). 
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3-Hydroxy.3.methyl-4-(3-methyIphenyl)butyraIdehyde Dimethyl Acetal 
(85)96 
To magnesium turnings (12.0 g, 0.5 mol) contained in a 500-mL three-necked 
round-bottomed flask was added 10 mL of the solution of l-bromomethyl-3-
methylbenzene (75 g, 0.4 mol) in anhydrous diethyl ether (250 mL), the mixture was 
heated until a reaction took place, and thereupon the remaining solution was added 
dropwise over 1 h. After further refluxing for 0.5 h, the resulting Grignard solution 
was cooled with an ice-bath. While the Grignard solution was maintained at 5-10°C, a 
solution of 3-oxobutyraldehyde dimethyl acetal (83) (40.0 g, 0.3 mol) in anhydrous 
diethyl ether (150 mL) was added with stirring over 0.5 h. Upon complete addition, the 
resulting mixture was heated under reflux for 0.5 h and then cooled to room 
temperature. Upon treatment with saturated aqueous ammonium chloride (250 mL), 
the organic phase was separated, washed with water (2 x 50 mL) and brine (10 mL), 
dried over anhydrous magnesium sulfate, evaporated to remove the solvent, and 
distilled under reduced pressure to give 3-hydroxy-3-methyl-4-(3-
methylphenyl)butyraldehyde dimethyl acetal (85) (68.0 g, 72%) as a pale yellow 
viscous oil: bp 126-28°C (0.6 mmHg) (lit 96 95-lOO^C (0.5 mmHg)); H^ NMR 6 
1.18.(s，3H), 1.79 (ABX qd, 2H, J= 14.5 Hz, 6.2 Hz, 5.4 Hz), 2.32 (s，3H), 2.74 
(AB q，2H, J= 12.6 Hz), 3.18 (br s, IH), 3.32 (s, 3H), 3.34 (s，3H)，4.67 (dd, IH, 
J = 6.2 Hz, 5.4 Hz), 6.95-7.04 (m，3H), 7.17 (dd, IH, 7 = 7.1 Hz, 8.3 HZ). 
2,7-DimethylnaphthaIene (82)96 
A solution of 3-hydroxy-3-methyl-4-(3-methylphenyl)butyraldehyde dimethyl 
acetal (85) (65.0 g, 0.27 mol) in glacial acetic acid (300 mL) and 48% hydrobromic 
acid (230 mL) was heated under gentle reflux for 1 h. The reaction mixture was cooled 
by means of an ice-bath, and the resulting solid was collected by suction filtration, 
washed with water (3 x 100 mL), and purified by sublimation at 70®C under 5-10 
mmHg to give 2,7-dimethylnaphthalene (82) (35.2 g, 83%) as colorless plates: mp 95-
96°C (from hexane) (lit 120 96-97。(：)； H^ NMR 6 2.47 (s, 6H), 7.21 (dd, 2H, J = 8.4 
Hz, 1.6 Hz), 7.48 (d, 2H, J= 1.6 Hz), 7.66 (d，2H, 7=8.4 Hz); ^ c^ NMR 5 21.63, 
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126.24，127.20，127.40, 130.07，134.01，135.38; MS m/z 156 (M+，84.3). 
l-Bromo-2,7-dimethylnaphthalene (86)96 
A solution of bromine (10.6 mL, 32.8 g, 0.21 mol) in carbon tetrachloride (150 
mL) was added dropwise over a period of 5 h to a solution of 2,7-dimethylnaphthalene 
(82) (32 g, 0.21 mol) in chloroform (200 mL). After completion of reaction, the 
solution was washed with saturated sodium bisuifate (20 mL), water (100 mL) and 
brine (20 mL), dried over anhydrous magnesium sulfate, and evaporated by a 
rotavapor. The residue was chromatographed over silica gel (500g) using hexanes and 
dichloromethane (4 :1) as eluent to give l-bromo-2,7-(limethylnaphthalene (86) (42.1 
g，85%) as a colorless liquid: H^ NMR 5 2.51 (s, 3H), 2.56 (s, 3H), 7.21 (t, 2H, J= 
8.5 Hz), 7.59 (t，2H, J= 8.5 Hz), 8,04 (s，IH); l^cNMR 6 21.93, 24.05，123.38， 
125.95，126.94, 127.73，127.83, 131.34，132.70，135.87，137.11; MS m/z 234 (M+, 
86.3), 236.(M++2，75.7). 
1 - (2'-Hydroxyethyl)-2,7-dimethyInaphthalene (87) 
To magnesium turnings (4.0 g, 0.17 mol) was added 20 mL of the solution of 
l-bromo-2,7-dimethylnaphthalene (86) (32.5 g, 0.138 mol) in. dry tetrahydrofuran 
(250 mL), and the mixture was heated until a reaction took place, and thereupon the 
remaining solution of bromide was added at a rate so as to maintain gental refluxing. 
After completion of addition, the mixture was heated under reflux for 1 h, and then 
cooled by an ice-bath. To the resulting Grignard solution was added a solution of 
ethylene epoxide (8.3 mL, 7.35 g，0.17 mol) in dry tetrahydrofuran (50 mL) over a 
period of 0.5 h. Upon further stirring at room temperature for 0.5 h，the mixture was 
treated with saturated aqueous ammonium chloride (300 mL), and the organic layer was 
diluted with diethyl ether (500 mL), washed with water (100 mL) and brine (20 mL), 
dried over anhydrous magnesium sulfate, and evaporated by a rotavapor. The residue 
was chromatographed over silica gel (400 g) with dichloromethane and hexanes (3:1) 
as eluent to give l-(2'-hydroxyethyl)-2,7-dimethylnaphthalene (87) (22.4 g, 80%) as 
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colorless crystal: mp82-84�C; H^ NMR 5 2.39 (br.s，IH), 2.43 (s, 3H), 2.46 (s, 3H), 
3.28 (t, 2 H， J : 7.5 Hz), 3.77 (t，2H, J= 7.5 Hz), 7 .15 (d，IH, J= 8.3 Hz), 7 .17 
(dd，lH，J= 8.3 Hz, 1.4 Hz), 7.51 (d，IH, J = 8.3 Hz), 7.61 (d，IH, J二 8.3 Hz), 
7.76 (br.s, IH); l^c NMR 6 20.17，21.98, 31.68，62.18，122.44, 126.32, 126.69， 
128.14，128.35，130.33, 130.75, 132.70, 134.05, 135.49; MS m/z 200 Anal. 
Calcd. for C14H26O2： C, 83.96; H，8.05. Found: C, 84.15; H, 8.24. 
(2,7-DimethyI-l-naphthyl)acetaldehyde (88) 
A solution of l-(2'-hydroxyethyl)-2,7-dimethyinaphthalene (87) (6.3 g, 0.03 
mol) in dry dichloromethane (20 mL) was added to a solution of the Bess-Martin 
periodinane^^ (16.5 g, 0.04 mol) in dry dichloromethane (150 mL) with stirring. After 
2 h, the homogeneous reaction mixture was diluted with diethyl ether (300 mL), and 
the resulting suspension of iodinane was hydrolyzed to water-soluble 2-iodosobenzoate 
by stirring with 5% sodium hydroxide (200 mL) for 20 minutes. The ether layer was 
separated and washed with 5% sodium hydroxide (100 mL), water (100 mL) and brine 
(20 mL), dried over anhydrous magnesium sulfate, and evaporated by a rotavapor. 
The residue was chromatographed over silica gel (200 g) with dichloromethane and 
hexanes (1 : 1) as eluent to give (2,7-dimethyl-1 -naphthyl)acetaldehy(le (88) (4.5 g, 
73%) as a heavy oil: ^ H NMR 6 2.50 (s, 3H), 2.58 (s, 3H), 4.13(d, 2H, 7=2.3 Hz), 
7.32 (d, 2H, 7=8.2 Hz), 7.69-7.79 (m, 3H>，9.73 (t，IH, 7=2.3 Hz); ^^ C NMR 6 
20.43，21.98, 43.68, 122.10, 124.64, 127.05, 127.48, 128.05, 128.46, 130.72, 
132.81, 134.99, 136.20, 198.83; MS m/z 198 (M+，17.7). Anal. Calcd. for 
C14H14O: C, 84.81; H, 7.12. Found: C, 84.49; H, 6.94. 
l-ChloromethyI-2,7-dimethylnaphthalene (89)94 
A mixture of 2,7-dimethylnaphthalene (82) (14.0 g, 92 mmol), 
paraformaldehyde (3.2 g, 100 mmol), and acetic acid (250 mL) was bubbled with 
anhydrous hydrogen chloride at 50°C for 24 h, after which the reaction mixture was 
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poured into ice (500 g)，and extracted with dichloromethane (3 x 200 mL). The 
combined extract was washed with water (3 x 150 mL) and brine (100 mL), dried over 
anhydrous megnesium sulfate and evaporated by a rotavapor. Flash column 
chromatography of the resulting residue over silica gel (430 g) gave 1-chloromethyl-
2,7-dimethylnaphthalene (86) (11.8 g, 63%) as colorless crystaUs: mp 104-106C; H^ 
N M R 6 2.63 (s, 6H), 5 .11 (s，2H), 7.29 ( d， 1 H 7 = 8.4 Hz), 7.35 (d，IH, J= 8.3 
Hz)，7.45 (d，IH, J= 8.4 Hz), 7.77 (d，IH,/= 8.3 Hz), 7,91 (s, IH); l ^ c n m R 6 
19.53，22.17, 39.96，122.08, 127.31, 128.05, 128.49，128.91, 129.32，130.87, 
131.93，135.44, 136.57; M S m/z 204 (M+，22.1), 2 0 6 (M++2，5.7). 
(2,7-Dimethyl-l-naphthyI)acetoiiitrile (90)94 
A solution of l-chlQromethyl-2,7-dimethylnaphthalene (86) (10.2 g, 50 mmol) 
and potassium cyanide (3.3 g, 51 mmol) in acetone (250 mL) and water (100 mL) was 
heated under reflux for 12 h after which the reaction mixture was cooled to room 
tempCTature. Upon rotary evaporation of acetone at 40�C，extraction of the resulting 
aqueous mixture with dichloromethane (3 乂 150 mL), the combined extract was washed 
with water (2 x 150 mL) and brine (50 mL), dried over anhydrous magnesium sulfate, 
and evaporated by a rotavapor. Chromatography of the resulting residue over silica gel 
(250 g) with hexanes and dichloromethane (4 : 1) as eluent gave (2,7-dimethyl-l-
naphthyl)acetonitrile (90) (9.2 g，94%) as a pale yellow solid: mp 125-7°C; H^ NMR 5 
2.52 (s，3H), 2.55 (s, 3H), 3.99 (s，2H), 7.23 (d, l H / = 8.4 Hz), 7.30 (d，IH, J = 
8.4 Hz), 7.68 (d, IH, J= 8.4 Hz), 7.67 (s, IH), 7.72 (d，IH, J= 8.4 Hz); ^^CNMR 
5 16.74, 20.20, 22.11, 117.47，121.56, 122.66，127.52, 128.02, 128.47, 128.67, 
130.87, 131.76, 134.64，136.99; MS m/z 203 (M+，22.1). 
(2,7-Dimethyl-l-naphthyl)acetic Acid (81)94 
Method A-Oxidation of (2,7-Dimethyl-l-naphthyl)acetaldehyde (88) 
To a solution of sodium hydroxide (0.4 g, 10 mmol) in distilled water (20 mL) 
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was added a solution of silver nitrate (1.7 g, 10 mmol) in distilled water (20 mL) with 
stirring to ensure complete reaction, the resulting silver oxide was collected by suction 
filtration and washed extensively with distilled water (5 x 50 mL) to ensure the removal 
of all nitrate salts. The wet silver oxide was covered with water (20 mL) and treated 
with sodium hydroxide pellets (1.94 g, 48.5 mmol) with vigorously stiiring. While the 
resulting silver oxide suspension was heated in an oil bath at 55-60°C, (2,7-dimethyl-l-
naphthyl)acetaldehyde (88) (2.0 g, 10 mmol) was added in one portion. After further 
stirring for 0.5 h at the same temperature, the black solid was removed by suction 
filtration and washed with hot water (3 x 20 mL). The filtrate and washings were 
combined and acidified with dilute hydrochloric acid Extraction of the acidified 
mixture with dichloromethane (3 x 60 mL), drying of the combined extract over 
anhydrous magnesium sulfate, and evaporation by a rotavapor gave the crude acid 
which was chromatographed over silica gel (50g) with chloroform as eluent to give 
(2,7-(iimethyl-l-naphthyl)acetic acid (81) (0.64 g, 30%) as colorless crystal (see below 
for its spectral data). 
Method B-Hydrolysis of (2,7-DimethyI-l-naphthyl)acetonitriIe (90). 
A solution of (2,7-dimethyl-l-naphthyl)acetonitrile (90) (8.0 g, 41 mmol) and 
30% sulferic acid (50 mL) in acetic acid (150 mL) was heated under reflux for 24 h, 
after which the reaction mixture was poured into ice (500 g), and the resulting aqueous 
mixture was extracted with dichloromethane (3 x lOO mL). The combined extract was 
washed with water (3 * 150 mL) and brine (50 mL), dried over anhydrous magnesium 
sulfate, and evaporated by a rotavapor to give a residual solid, which was further 
purified by chromatography over silica gel (250 g) with chloroform as eluent to give 
(2,7-ciimethyl-l-naphthyl)acetic add (81) (8.1 g, 92%) as colorless crystals: mp 157-
1580C; iH NMR 5 2.47 (s，3H), 2.49 (s，3H), 4.07 (s, 2H), 7.19-7.24 (m, 2H), 7.61-
7.69 (m，3H), 10.2 (very br.s, IH); ^^ C NMR 6 20.49，22.15，34.19, 122.46, 




Method A-Cyclization of (2,7-Dimethyl-l.naphthyl)acetic Acid (81) by 
Polyphosphoric Acid. 
A mixture of finely powdered (2,7-dimethyl-l-naphthyl)acetic add ( 8 1 ) (1.0 g, 
4.6 mmol) and polyphosphoric acid (35 g) was stirred at 70�C for 4 h after which the 
resulting viscous syrup was quenched with ice-water (200 mL). The aqueous 
suspension was extracted with dichloromethane (3 x 50 mL), and the combined extract 
was dried over anhydrous magnesium sulfate. Solvent removal by rotary evaporation 
gave a viscous mass which was chromatographed over silica gel (30 g) with 
dichloromethane and hexanes ( 1 : 1 ) as eluent to afforded 2,7-dimethylacenaphthenone 
(80) (0.38 g，42%) as pale yellow crystal (see below for its spectral data). 
Method B-Cyclization of (2,7-Dimethyl-l-naphthyl)acetic Acid (81) via 
its Acid Chloride. 
A solution of (2,7-dimethyl-l-naphthyl)acetic acid (81) (14.0 g, 65.4 mmol) 
and thionyl chloride (5.0 mL, 8.2 g, 69.5 mmol) in dry chloroform (200 mL) was 
heated under reflux for 1 h, and the mixture was evaporated by a rotavapor to remove 
the solvent The resulting residue was dissolved in nitrobenzene (200 mL) and mixed 
with aluminum chloride (11.0 g, 80 mmol), and stirred at room temperature for 48 h 
under nitrogen. The reaction mixture was poured into ice (500 g) and the aqueous 
mixture was extracted with dichloromethane (3 x i50 mL). The combined extract was 
washed with water (200 mL) and brine (30 mL), dried over anhydrous magnesium 
sulfate, and evaporated to remove dichloromethane by a rotavapor. The residue was 
chromatographed over silica gel (500 g) eluting with hexanes for the propose of 
removal of nitrobenzene. When the eluate was free of nitrobenzene as shown by thin 
layer chromatography, the column was eluted with dichloromethane and hexanes (1 :1) 
to give 2,7-dimethylacenaphthenone (80) (11.0 g, 86%) as pale yellow crystals: mp 
112-113�C; iH NMR 6 2.34 (s，3H), 2.72 (s, 3H), 3.41 (s, 2H), 7.22 (d, IH, J二 8.6 
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Hz)，7.26 (d，IH, J= 8.3 Hz), 7.56 (d，IH, 7 = 8.6 Hz), 7.75 (d, 1 H , 7 = 8 . 3 Hz); 
13c NMR 5 17.63, 18.63, 41.03, 123.70, 127.58, 129.66，130.07, 130.16，130.51, 
130.70，131.46，136.93，143.27，203.40; MS m/z 196 (M+，27.3). 
3,8-DimethyIacenaphthenequinone (79)94 
A mixture of 2,7-dimethylacenaphthenone (80) (10.0 g，51 mmol), selenium 
dioxide (5.7 g, 51 mmol), dioxane (100 mL) and water (10 mL) was heated in an oil 
bath at 60°C for 48 h. Upon cooling, the mixture was diluted with diethyl ether (200 
mL)，washed with water (3-150 mL) and brine (30 mL), dried over anhydrous 
magnesium sulfate, and evaporated by a rotavapor. The residual solid was 
chromatographed over silica gel (300 g) with dichloromethane and hexanes (2:1) as 
eluent to give 3,8-(iimethyl-acenaphthenequinone (79) (6.0 g, 56%) as orange needles: 
mp 210-211-C; iH NMR 6 2.81 (s，6H), 7.44 (d，2H, J = 8.5 Hz), 7.97 (d, 2H，J 
=8.5 Hz); 13c NMR 5 18.01，124.49，127.62，130.66，131.67，137.52, 147.07， 
188.75; MS m/z2l0 (M+，56.4). 
Hydroxy ketone 91 94 
A mixture of 2,7-dimethylacenaphthenequinone (79) (5.0 g, 24 mmol), 3-
pentanone (25 mL, excess) and potassium hydroxide (0.5 g) in methanol (150 mL) was 
stirred for 1 h at room temperature. Upon removing the methanol by rotary 
evaporation, the residue was dissolved in diethyl ether (300 mL). The ether solution 
was washed with water (2 x 80 mL) and brine (20 mL), dried over anhydrous 
magnesium sulfate, and evaporated by a rotavapor to give a residue which was 
chromatographed over silica gel (200 g) with dichloromethane and ethyl acetate (4 :1) 
as eluent to yield two fractions. The less polar fraction collected with the aid of 
monitoring by means of thin layer chromatography contained tram-hydroxy ketone 
91a (4.9 g, 74%): 41 NMR 6 1.59 (d, 3H, J= 7.1 Hz), 2.11 (s, 3H), 2.20 (br. s， 
93 
IH)，2.58 (s, 3H), 2.74 (q, IH, J= 7.1 Hz), 2.78 (s, 3H), 7.32 (d, IH, J= 8.3 Hz), 
7.34 (d, IH, 7 = 8.2 Hz), 7.63 (d，IH, J: 8.3 Hz), 7.71 (d, 1H,7=8.2 Hz). The 
more polar fraction contained cw-hydroxy ketone 91 b (0.8 g, 12%): H^ NMR 6 0.95 
(d， 3 H , 7 = 7 . 4 HZ), 2.18 (s，3H), 2.44 (br. s, IH) , 2 .60 (s，3H)，2.83 ( s，3H), 3.13 
(q，IH, 7 = 7.41 Hz), 7.36 (d, IH, 7 = 8.3 Hz), 7.37 ( d， l H , y = 8.3 Hz), 7.69 (d， 
IH, J= 8.3 Hz), 7.77 (d, IH, J= 8.3 Hz). ， 
I，6，7，10-Tetramethylfluorantlieiie (78)^4 
A mixture of the stereoisomeric hydroxy ketone (91) (8.0 g，28.6 mmol), acetic 
anhydride (100 mL) and tricyclo[2,2,l]hepta-2,5-diene (20 mL) was heated under 
reflux for 30 h. Upon cooling to room temperature, the mixture was stirred with water 
(100 mL) for 1 h to decompose the excess acetic anhydride. The aqueous mixture was 
extracted with hexanes (300 mL), and the combined extract was washed with water (3 
X 100 mL) and brine (30 mL), dried over anhydrous magnesium sulfate, and 
evaporated by a rotavapor. The resulting crude solid was chromatographed over silica 
gel (150 g) using hexanes as eluent to give 1,6,7,10-tetramethylfluoranthene (78) (6.5 
g，85%) as yellow crystals: mp 143-145°C; H^ NMR 5 2.79 (s, 3H), 2.88 (s, 3H), 
7.15 (s, 2H), 7.38 (d, 2H, J= 8.2 Hz), 7.12 (d，2H, J= 8.2 Hz); ^^C NMR 5 24.28, 
25.07, 129.17，126.76, 129.65, 130.73，131.85，131.96, 133.87，135.03; 140.02; 
M S 2 6 8 (M+，70). 
l,6,7,10-Tetra(bromomethyl)fluoranthene (75)94 
To a solution of l,6,7,10-tetramethylfluoranthene(78) (2.0 g, 7.8 mmol) in 
carbon tetrachloride (60 mL) was added dropwise a solution of bromine (1.6 mL, 5.0 
g, 31 mmol) in carbon tetrachloride (30 mL) under the illumination of a 500 W lamp, 
the heat emanating from which caused the reaction mixture to reflux. After completion 
of addition, the solution was further illuminated for 5 min, and the reacton mixture was 
diluted with dichloromethane (60 mL). The organic solution was washed with water (3 
X 50 mL) and brine (20 mL), dried over anhydrous magnesium sulfate, and evaporated 
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by a rotavapor. The crude solid was chromatographed over silica gel (200 g) using 
hexanes and dichloromethane (10:1) as eluent to give 1,6,7,10-
tetra(bromomethyl)fluoranthene (75) (2.5 g, 56%) as a yellow solid: mp: 175-177^ 
(from hexane); H^ NMR 6 4.97 (s，3H); 5.00 (s, 3H); 7.63 (s, 2H); 7.72 (d，2H, J = 
8.3 Hz); 7.83 (d，2H，/=8.3 Hz); l^c NMR 5 33.98; 34.16; 128.05; 129.36; 132.55; 
132.76; 133.23; 133.60; 138.43; MS m/z 570 (M+, 1.7), 572.(M++2, 3.3), 574 
(M++4，7.1), 576 (M++6，3.5)，578 (M++8，1.5). 
l,3,6,8-Tetrahydrofluorantheno[l,10-c(/^: 6,7-c'd'e'Jbisthiepin (77)93 
To a solution of 1,6,7,10-tetra(bromomethyl)fluoranthene (75) (270 mg, 0.47 
mmol) in benzene (80 mL) and methanol (50 mL) was added dropwise a solution of 
61% sodium sulfide scales (140 mg, 85 mg of sodium sulfide, 1.09 mmol) in methanol 
(50 mL) over a period of 20 min. After stirring for 4 h, the mixture was evaporated by 
a rotavapor to remove all of the solvent, and the resulting solid was dissolved in 
dichloromethane (300 mL). The dichloromethane solution was washed with water (2 x 
50 mL) and brine (20 mL), dried over anhydrous magnesium sulfate, and evaporated 
by a rotavapor. The crude product was recrystallized from chloroform (150 mL) to 
give 1,3,6,8-tetrahydrofluorantheno[l, 10-cde: 6，7-c，^ f e，]bisthiepin (77) (132 mg, 
88%) as pale yellow crystals: mp 267-269V; H^ NMR (dg-DMSO) 6 4.30 (s, 4H); 
4.44 (s, 4H); 7.16 (s, 2H); 7.52 (d，2H,/= 8.3 Hz); 7.84 (d, 2H, J = 8.3 Hz); MS 
m/z 318 (M+ 100). 
l , 3 , 6 , 8 - T e t r a h y d r o f l u o r a n t h e n o [ l , 1 0 - c i / e : 6，7-c，<r^，]bisthiepin-
2,2,7,7-tetroxide (76)93 
A solution of bissulfide 77 (260 mg, 0.8 mmol) and 85% m-chloroperbenzoic 
acid (2.4 g, 11.7 mmol) in chloroform (120 mL) was heated under reflux for 12 h. 
The resulting solid was collected by suction filtration and washed thoroughly with 
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chloroform (3x15 mL) to give l,3,6,8-tetrahydrofluorantheno[l,10-a/e: 6,7-
cWV]bisthiepin-2，2，7,7-tetroxide (76) (236 mg，76%) as fine yellow powder: 
nip>280�C (lit 129 400-50�Q; MS m/z 382 (M+，11.6), 254 (M+-2S02). Owing to the 
extremely poor solubility of this substance in all organic solvents examined, the 
recording of its NMR spectrum was not possible. 
Corannulene (72)88 
To a stirred mixture of bissulfone 76 (80 mg, 0.21 mmol), alumina-supported 
potassium hydroxide (5 g) and r-butanol (20 mL) was added carbon tetrabromide (141 
mg，0.42 mmol) in four portions at 12 h intervals. After further stirring for one day, 
the mixture was filltered, and the cake was washed thoroughly with dichloromethane 
(4'<20 mL). The combined filtrate was washed with water (3^15 mL) and brine (10 
mL)，dried over anhydrous magnesium sulfate, and evaporated by a rotavapor. The 
solid residue was dissolved in dichloromethane and pre-adsorbed over silica gel. 
Chromatography separation of the pre-adsorbed material over silica gel (15 g) using 
hexanes as eluent afforded pure corannulene (10 mg, 20 %) as colorless crystals: mp 
250-60°C (decompose) (Ut.89 268-69°C, capillary sealed under nitrogen); m NMR 6 
7.82 (s); MS m/z250 (M+，100)，125 (M++，12.9). 
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Spectra 1. H^ and ^^ c NMR Spectra of rrdTO-3,3',5 '^-
Tetramethylstilbene (11) 
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Spectra 2. i f l and l3c NMR Spectra ofmzAW-l-Methyl-l，2-
Diphenylethene (13) 
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Spectra 3. iR and I3c NMR Spectia ofm-U-Dimethyl-
1,2-diphenylethene ( 1 5 a ) 
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Spectra 4. I r and l^c NMR Spectra ofrm^-l,2-Dimethyl_ 
1,2-diphenylethene ( 1 5 b ) 
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Spectra 6. H^ and ^^ C NMR Spectra of tram,tram-1，3-
Distyryibenzene (19) 
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Spectra 7. H^ and ^^C NMR Spectra of trans^ransAA^ 
Distyrylbenzene (21) 
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Spectra 8. H^ and ^^ C NMR Spectra of trans^rans^rans-
1,3,5-Tristyrylbenzene (23) 
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Spectra 9. H^ and ^^c NMR Spectra of trans,tra叫rans-
l，3，5-Tri(4，-methoxy-styryl)benzene (25) 
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Spectra 10. H^ and i^c NMR Spectra oUrans,transm^rans-
1,2,4,5-Tristyrylbenzene (27) 
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Spectra 11. H^ and l^c NMR Spectra of -Phenyl-1-hexene (29) 
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Spectra 1 2 . ^ H and I3C N M R Spectra of rm/E.-l,3-Diphenylpropene ( 3 1 ) 
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Spectra 14. H^ and I3c NMR Spectra of [12]Metacyclophane (9) 
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Spectrum 15. H^ NMR Spectra of ds, a>[8]Metacyclophane-l,7-diene ( 3 3 ) . 
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Spectra 16. H^ and ^^ C NMR Spectra of [8]Metacyclophane 
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Spectra 17. H^ and ^ c^ NMR Spectra of2'-methoxy-[12]metacyclophane 
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Spectra 18. H^ and l^c NMR Spectra of 2-Methyl-l-phenylpropene (37) 
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Spectra 19. H^ and I3c n m r Spectra of S-Heptadecene (39) 
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Spectra 20. H^ and i^c NMR Spectra of 8-Hexadecene (42) 
* ofojr^ 
I i s S 弓 宁 明 明 1 ^ 
一 —一� rx�rv�r\� —� —�cn�oijo cnco�cojoo�rv 〜 ^ fo�K)�ro 〜csiKN 叫〜(vj CM 〜〜 一 
� V ^ P / 
‘� 1；0� 1 0 0� ‘� g'o� s'o� 7 0� • 6 0 ‘ 5 0 ；0� 3'o� ‘� 2 0� ‘�‘�I'o�‘‘“�
P P M�
二*^二�〒⑴ u3ja3C3(n3( Loj ^ujItt r J ^  二� �^o�rv CO fdfN (nH . > . j . j ^ .1 J . . 
i n ^ ^ t r ^ - ^ N^WIK^ tolovcD PS cd 
^ yi to ^  N-ijfo jrd oloaiCD in -4 vikio^�� —�
„ V I (U� 
42 
CDCI3 
- I ^ - i f 
III ； 丨 „ 
k A j/ [ J 
I \J • V/ V/1/ 
£ ° H h 
- ' I p 
~I~I”I—‘~~III~III~‘~~II~~~I~I~~I~I~1 ~Ir~I~rii~i~|i~i~i~i~|―i~i~i~i~|~~i~i~~i~i|~i~i~ii '] ' ii~i~i~|~r 'i i~i| 'i i~i~|~ir~i~i~|i~i~~r" 
6 . 5 6 . 0 5 . 5 5 . 0 4 . 5 4 . 0 3 . 5 3 . 0 2 . 5 2 . 0 1 . 5 1 , 0 .5 0.0 











i —- ^ ^
 r
 : 
為 B t i M M M W ^
 m n n M M ^ ^ M ^ M M M M M M
 U S M ,
 3 
H M W n M K
 》 - S
















 「 2 











 S B ,
 l a 
^ lis
 _
 1 / 
n 
 1
 H J I ^ l
 -
 . 
S S M U r
 4
 f f l f t ^
 丄
 ：5 
























械 - M 戮
 1 ： 
f



























、 ^ J / _ 「 』 
1 树「
 I g . o l 二
 I
 J
 > o - z
 . 
1 _ ^ s m n
 — ^
 ； 犯







 " " " " i
 山
 ^ ^ 
s ^





 - IH53 iN l
 , 
Spectra 23. H^ and i^c NMR Spectra of l-Phenyl-2-octene (51) 
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Spectra 24. H^ and l^c NMR Spectra of 2-Bromo-l-phenyl-2-octene (52) 
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Spectrum 25. H^ NMR Spectrum of Cycloocta-l,5-diene (54) 
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Spectra 26. H^ and ^ c^ NMR Spectra of 3,4-Dimethyl-3-hexene (56) 
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Spectra 27. H^ and ^^ C NMR Spectra of Bicyclopentylidene (58) 
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Spectra 28. H^ and l^c NMR Spectra of HeptylcyclohexyUdene (60) 
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Spectra 30. H^ and ^^ C NMR Spectra of2,13-Dithia-
[14]metacyclophane (68) 
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Spectra 31. H^ and ^^ C NMR Spectra of 2,13-Dithia-2,2,13,13-tet^oxo-
[ 14]metacyclophane (7) 
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Spectra 32. H^ and ^^c NMR Spectra of Bicydo[12，3，l]-
octadeca-14,17-diene (69) 
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Spectra 33. H^ and ^^ C NMR Spectra of Cyclopentadecane-1,3-dione (67) 
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Spectra 34. H^ and i^c NMR Spectra of 3-Methoxycyclo-
pentadeca-2-enone (70) 
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Spectra 35, H^ and ^ c^ NMR Spectra of3-Methylcycio-
pentadeca-2-enone (71) 
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Spectra 36. H^ and i^c NMR Spectra of (J/)-Muscone (66) 
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Spectra 37, H^ and l^c NMR Spectra of S-Oxobutyraldehyde 
Dimethyl Acetal (83) 
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零 
Spectrum 38. H^ NMR Spectrum of 3-Hydroxy>3-methyl-4-
(3-methylphenyl)butyraldehyde Dimethyl Acetal (85) 
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Spectra 39. H^ and ^^ C NMR Spectra of 2,7-Dimethylnaphthalene (82) 
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Spectra 40. H^ and ^^ C NMR Spectra of l-Bromo-2,7-
dimethylnaphthalene (86) 
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Spectra 41. H^ and ^^ C NMR Spectra of l-(2'-Hydroxyethyl)-
2,7-dimethylnaphthalene (87) 
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Spectra 42. H^ and ^^ C NMR Spectra of (2,7-Dimethyl-l-
naphthyl)acetaldehyde (88) 
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Spectra 43- ^H and ^^ C NMR Spectra of l-ailoromethyi-2,7-
dimethylnaphthalene (89) 
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Spectra 44. H^ and ^^ C NMR Spectra of (2,7-Dimethyi-l-
naphthyi)acetyliiitrile (90) 
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Spectra 45. H^ and ^^ C NMR Spectra of (2,7-DimethyM-
naphthyl)acetic Acid (81) 
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Spectra 46. H^ and ^^ C NMR Spectra of 2,7-Dimethylacenaphthenone (80) 
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Spectra 47. H^ and l ^ c NMR Spectra o f 3,8-Dimethyl-
acenaphthenequinone (79) 
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Spectra 49. H^ and ^^c NMR Spectra of 1,6,7,10-
Tetramethylfluoranthene (78) 
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Spectra 50. ^H and i^c NMR Spectra of 1,6,7,10-Tetra-
(bromomethyl)fluoranthene (75) 
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